
DIAUICTICS OF NATURE 


FREDERICK ENGELS 


Translated and Edited by 
CLEMENS DUTT 

■with a Preface and Notes by 
J, B. S. HALDANE, I.R.S. 


LONDON 

LAWRENCE AND. WISHART, LTD. 

81 CHANCERY LANE, W.C.2. 



First English Edition February 1940 
First published in the Marxist Leninist Library 1941 
Reprinted 1946 


Pfinied in Great Britain by 

Bishop & Sons, Ltd., Photo-Litho Printers, Edinburgh 



CONTENTS 


CHAP. PAGE 

Jb’reface, by J. S. Haldane . . . vii 

I. Introduction 1 

• ^ 

II. Dialectics . . . . . ^ . ,26-» 

III. Basic forms of Motion . . . .85 

^IV. The Measur * of Motion — Work . . 56 

V. Heat .77 

Vli * Electricity . . . . . .88 

VII. Dialectics of Nature — ^Notes . . . 152 

VIII. Tidal Friction, Kant aad Thomson-Tait on 
the notation of the Earth and Lunar 
Attraction ...... 271 

IX. The Part Played by Labour in the Transition 

from Ape to Man . . . . 279 

X. Natural Science and the Spirit World . 297 

Appendices 

/. Notes to Anti-Dfihring, hitherto un- 

puJblished in English . . . 818 

II. Source References .... 829 

Bibliography ..... 871 

Index 877 




PREFACE 


Marxism has a two4o§i bearing on science. In the 
first place Marxist^ study science among other human 
activities. The^ show how the scientific activities of 
any society depend on its changing needs, and so in the , 
long run on its productive methods, and hoV science 
"Changes the pfoduct^ve methods, and therefore the whole 
•Mciety. This analysis is needed for any scientific 
approach to history, and even non-Marxists are now 
accepting parts of it. But secondly Marx and Engels 
were not content to analyse the changes in society. 
In dialectics they saw the science of the general laws of 
change, not only in society and in human thought, 
but in the external world which is mirrored by human 
thought. That is to say it can be applied to problems of 
“ pure ” science as well as to the social relations of 
science. 

Scientists are becoming familiar with the application 
of Marxist ideas to the place of science in society. 
Some accept it in whole or in part, others fight against it 
vigorously, and say that they are pursuing pure know- 
ledge for its own sake. But many of them are unaware 
that Marxisnj hS,s any bearing on scientific problems 
considered out of their relation to society, for example 
to the problems of tautoraerism in chemistry or individu- 
ality in^ biology. And certain Marxists are inclined 
J;p regard the study of such scientific and philosophical 
problems as unimportant. Yet they have before them 
the example of Lenin. In li)08 the Russian Revolution 
had failed. It was necessary to build up the revolu- 
tionary movement afresh. Lenin saw that this could 

♦ vii 
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only Se done on a sound theoretical basis. So he wrote 
MaUpaMam and Empirio-criiicism. This inisplved a 
study, not only of philosophers, such as Mach and 
Pearson, whom he criticised, but of jAysieists such as 
Hertz, J. J. Thomson, and Becquerel, whose discoveries 
could be interpreted from a materialistic or an idealistic 
point of view. However, Lenin did hot attempt to 
cover the whole of science. lie Ws mainly concerned 
with the revolution in physics which %as then in progress, 
and had little to say on astronomy, geology, chemistry, 
or.biology. 

But thirty years before Lenin, Engel% had tried to., 
discuss the whole of science from {^Marxist standpoint. 
He had always been a student of science. Since IgCT" 
he had been in close touch with the chemist Schor^emmer 
at Manchester, and had discussed scientific problems 
with him and Marx for many years. In 1871 he came to 
London, and started reading scientific books and journals 
on a large scale. He intended to write a great book to 
show “ that in nature the , same dialectical laws of 
movement are carried out in the confusion of its count- 
less changes, as also govern the apparent contingency of 
events in history.” If this book had been written, it 
would have been of immense importance for the develop- 
ment of science. 

But apart from political work, other intellectual tasks 
lay before Engels. Diihring had to be answered, and 
perhaps Anti-Dfthring, which covers, the whole field 
of human knowledge, is a greater book th^ Diakciies 
of Nature 'would have been had Engels completed it. 
After Marx’s death in 1888 he had the gigantic task 
of editing and completing Capital, besides vdiich he 
wrote Fey^rbach and The Origin of the Family,, S8" 
Dialectics%f Nature was never finished. The manu- 
script consists of four bundles, all in Engels’ handwriting, 
save for a number of quotations from Greek philosophers 
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in that of Marx. Part of the manuscript is ready for 
public^on, though, as we shall see, it would almost 
certainly have been revised. * Much of it merely consists 
of rough notes, which Engels hoped to work up later. 
They are often hard to read, and fuU of abbreviations, 
e.g. Mag. for magnet and magnetism. There are 
occasions,! scribbles and sketches in the margin. Finally, 
although the bulk <3f Ihe manuscript is in German, 
Engels thought eqUklly well in English and French, and 
occasionally produced a hybrid sentence, such as 
“Wenn Coulomb von particles of electricity spricjit, 
^which repel gach other inversely as the square of the 
distance, so nimmt Thomson das ruhig hin als bewiesen.” 

“In der heutigen Gesellschaft, dans le m6chanisme 
civilis6, herrscht duplicity d’action, contrariety de 
I’interet individuel avec le coUectif; es ist une queue 
universelle des individus contre les masses.” The 
tcanslation has been a very difficult task, and the 
order of the different parts is somewhat uncertain. 

Most of the manuscript seems to have been written 
between 1872 and 1882, that is to say it refers to the 
science of sixty years ago. Hence it is often hard to 
follow if one does not know the history of the scientific 
practice and theory of that time. The idea of what is 
now called the conservation of energy was beginning 
to permeate physics, chemistry, and biology. But it was 
still very incompletely realised, and still more in- 
completely applied. Words such as “ force,” “ motion,” 
and “ vis viva ” were used where we should now speak of 
energy. The essays on “ Basic forms of motion,” 
“ The measmre of motion — ^work,” and “ Heat ” are 
lai^ly»eonbemed with the controversies which arose 
•Tiroro. incomplete or faulty theories about energy. 
They are mteresting as showing how ideas on this 
subject developed, and bo'^ Engels tackled the contro- 
versies of his day. However many of these confefo- 
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versiGs are now- settled. The expression vis viva is no 
longer used for double the kinetic energy, and^“ force ” 
has '^acquired a definite fheaning in physics. Engels, 
would not have published them in tRei# present form, 
if only because, in the later essay on tidal friction, he 
uses a more modern terminology. Their interest lies 
not so much in their detailed criticism of theories, many 
of which haye ceased to be of irhpOrtance, but in showing 
how Engels grappled with intellectual problems. The 
jpssay on electricity “ dates ” even more^ As a criticism 
of Wiedemann’s inconsistencies it is l.iteresting, and it 
ends witli a plea for a closer investigation of the con^ 
nection between chemical and ele«trical action, which, 
as Engels said, “ will lead to important results in bottt 
spheres of investigation.” This prophecy has, of course, 
been amply fulfilled. ACThenius’ ionic theory has trans- 
formed chemistry, and Thomson’s electron theory 
has revolutionised physics. Here again, the manuscript 
would certainly have been revised before publication. 
In a letter to Marx on November 28rd, 1882, he points 
out that Siemens, in his presidential address to the 
British Association, has defined a new unit, that of 
electric power*, the Watt, which is proportional to the 
resistance multiplied by the square of the current 
whereas the electromotive force is proportional to the 
resistance multiplied by the current. He compares these 
with the expressions for momentum and energy, dis- 
cussed in the essay on “ The measure of motion — ^work,’ 
and points out that in each case we Thave simple pro- 
portionality (momentum as velocity and electromotive 
force as current) when we are not dealing with trans- 
formation of one form of energy into another. But 
when the energy is transformed into heat or wo:^ tb#« 
correct v&lue is foimd by squaring the velocity or 
current. “ So it is a genaral law of motion which I 
was the first to formulate.” We can now see why th i s 
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is so. The momentum and the electromotive Torce, 
having jjirections, are reversed when the ^ed and 
, current are reversed. , But tlxe energy remains unalt*ered. 
So the speed or tie current must come into the formula 
as the square (or some even power) since ( — «)* = 

In the essay on “ Tidal friction,” Engels made a serious 
mistake, *or more accurately a mistake which would 
have been serious h^d^he published it. But I very 
much doubt whether he would have done so. In the 
manuscript notes for Anti-Duhring,i he supported the 
view, quite ■ commonly held in the nineteenth centujy, 
^hat we find Jruths such as mathematical axioms self- 
evident because oui* ancestors have been convinced of 
^Heir validity, while they would not appear self-evident 
to a Bjushman or Australian black. Now this view is 
almost* certainly incorrect, and Engels presumably saw 
the fallacy, and did not have it printed. I have little 
dqubt that either he or one of h^ scientific friends such 
as Schorlemmer would have detected the mistake in 
the essay on “ Tidal friction.” But even as a mistake 
it is interesting, because it is one of the mistakes which 
lead to a correct result (namely that the day would 
.shorten even if there were no oceans) by incorrect 
reasoning. Such mistakes have been extremely jBruitful 
in the history of science. 

Elsewhere there are statements which are certainly 
imtrue, for example in the sections on stars and Protozoa. 
But here Engels,cannot be blamed for following some 
of the best astronomers and zoologists of his day. 
The technical improvement of the telescope and micro- 
scope has of course led to great increases in our knowledge ' 
here in the last sixty years. 

•• On.the other hand, Engels’ remarks on the differential 
calculus, though inapplicable to that branch *of mathe- 
matics as now taught, were correct in his own day, 
I See p. S14. 
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and f&r some time after. He points out that it actually 
developed by contradiction, and is none the -wrse for 
that.*^ To-day “ rigorous ’’'proofs .are given of many of , 
the theorems to -which he refers, ahd*^ some mathe- 
maticians claim to have eliminated the contradictions. 
Actually they have only pushed the contradictions into 
the background, where they , remain «n thtf field of 
mathematical logic. Not onfy 'has every eiffort to 
deduce all mathematics from a set of axioms, and rules 
for applpng them, failed, but Godel Ijas proved that 
they must fail. So the fact that the calculus can be 
taught -without involving the particular ^contradiction^ 
mentioned by Engels in no way impugns the validity 
of his dialectical argument. — “ 

When all si^ch criticisms have been made, it is 
astonishing how Engels anticipated the progress of 
science in the sixty years which have elapsed since he 
-wrote. He certainly did not like the atomic theory, of 
electricity, which held sway from 1900 to 1980, and until 
it turned out that the electron behaved not only like a 
particle but like a system of moving waves he might 
well have been thought to have “ backed the wrong 
horse.” His insistence that life is the characteristic 
mode of beha-viour of proteins appeared to be very one- 
sided to most biochemists, since every cell contains many 
other complicated organic substances besides proteins. 
Only in the last four years has it turned out that certain 
pure proteins do exhibit one of the most,essential features 
of living things, reproducing themselves in a variety of 
environments. 

While we can e-verjrwhere study Engels* method of 
thinking with advantage, I believe that the sections of 
the book which deal -with biology are the ^most* 
immediatfiy valuable to scientists to-day. This may of 
course be because as a biologist I can detect subtleties 
of Engels’ thought which I have missed in the physical 
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sections. It may be because’ biology has Imdergoae less 
spectacular changes than physics in the last two genera- 
tions. 

In order to heljp readers to follow the development of 
science since Engels’ time, I have added some notes. 
A few readers may object to my pointing out that 
Engels was occasionally wrong. Engels would not have 
objected. He was well aware that he was not infallible, 
and that the ]||iaboi^ Movement wants no popes or in- 
spired scriptures. The Condition of the Working Class 
in' England in 1844, of which an English translation half 
been published in America in 1845, was first published 
In England in*1892.^ In his preface written after forty- 
night years he says : 

“ I have taken great care not to strike out of the 
text the many prophecies, amongst others tiiat of an 
imminent social revolution in England, which my 
youthftil ardour induced me to venture upon. The 
wonder is, not that a good many of them proved wrong, 
but that so many of them have proved right.” 

I think that readers of Dialectics of Nature will come 
to a similar conclusion. 

I have not yet mentioned the sections on the history 
of science. These are among the most brilliant passages 
in the whole book, but they represent a line of thought 
which was followed by Marx and Engels in many of their 
books and which has since been developed by others, 
so most readers will find them less novel. Finally, 
there is the dglightful essay on “ Scientific research into 
the spirit world.” Theare is a tendency among materialists 
to negl^t the problems here dealt with. It is worth 
while noticing that Engels did not do so. On the 
.flontrary he produced a number of phenomena which 
were regarded as ” occult ” and mysterious in his day, 
and arrived at the same conclusions as most scientific 
investigators in this field have reached, provided that, 
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like Engels, they brought to their work robust common 
sense, and also a sense of humour. 

It was a great misfortuire, not only for ManSsm, but 
for all branches of natural science, that Bernstein, into 
whose hands the manuscript came when Engels died in 
1895, did not publish it. In 1924 he submitted it (or 
part of it) to Einstein, who, though he^id noh think it 
of great interest from the stan^oint of modem physics, 
was on the whole in favour of publi<^tion. If, as seems 
likely, Einstein only saw the essay on electricity, his 
Txesitation can easily be understood, since this deals 
almost wiiolly with questions which now seem remote. 
The manuscript was first edited^ by £:iazonov, and" 
printed in 1927. However, Adoratski’s edition of 1986- 
is more satisfactory, as several passages which made 
nonsense in the earlier edition have now been deciphered. 

Had Engels’ method of thinking been more familiar, 
the transformations of our ideas on physics which have 
occurred during the last thirty years would have been 
smoother. Had his remarks on Darwinism been 
generally known, I for one would have been saved 
a certain amount of muddled thinking. I therefore 
welcome wholeheartedlj' the publication of ^an English 
translation of Dialectics of Nature, and hope that future 
generations of scientists will find that it helps them to 
elasticity of thought. 

But it must not be thought that DialetAics of Natusre 
is only of interest to scientists. .Any educated person, 
and, above all; anyone who is a student qf philosophy, 
will find much to interest him or her throughout the 
book, though particularly in Chapters I, II, VII, IX, 
and X. One reason why Engels was such a«gre%t writer 
is that he was probably the most widely educated man. 
of his days Not only had he a profound knowledfge of 
economics and history, biit»he knew enough to discuss 
the meaning of an obscure Latin phrase concerning 
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Romait marriage law, or tRe processes 'taking place 
when a piece of impure zinc was dipped into sulphuric 
acid. And he contrived to .accumulate this 'immense 
“knowledge, not leading a life of cloistered learning, 
but while playing an active part in politics, running a 
business, and even fox-hunting ! 

He nqpded ^this knowledge because dialectical 
materialism, the philosophy which, along with Marx, 
he founded, is jiot iperely a philosophy of history, but 
^a philosophy which illuminates all events whatever, 
from the falling of a stone to a poet’s imaginings. Aixd it" 
lays particular emphasis on the inter-connection of dl 
processes, andlihe artificial character of the distinctions 
yhich men have drawn, not merely between vertebrates 
and invertebrates or liquids and gases, but between the 
diftereirt fields of human knowledge such as economics, 
history, and natural science. 

Cha.pter 11 contains an outline of this philosophy in 
its* relation to natural science. A very careful and 
condensed summary of it is given in Chapter IV of the 
History of the C.P.S.U.(B), but the main sources for its 
study are Engels’ Feuerbach and Anii-Duhring, Lenin’s 
Materialism and Empirio-critidsm, and a number of 
passages in the works of Marx. Just because it is a 
living philosophy with mnumerable concrete applica- 
tions its full power and importance can only be gradually 
undemtood, when we see it applied to history, science, 
or whatever field of study interests us most. For 
this reason a reader whose jconcern lies primarily in the 
political or economic field will come back to liis main 
interest a better dialectical materialist, and therefore a 
clearer-sightqd politician or economist, after studying 
Jjpw Engels applied Dialectics to Nature. 

At "the present moment, clear thinking is vitally 
necessary if we are to undeystand the extremely com- 
plicated situation in which the whole human race, and 
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our OFu nation in particular, Is placed, and to see the way 
out of it to a better world, A study of Kngels will 
warn us against some of facile solutions wiieh are 
put forward to-day, and help us to pla^^ an intelligent 
and courageous part in the great events of our own time. 

J. B. S. HALDANE. 

Novemher, 1989. 
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Modern natural science, >vhich alone has achieved an 
all-round sysk?matie and scientific development, as 
contrasted with the brilliant natural-philosophical 
intuitions of antiquity and the extremely important , 
J)ut sporadic discoveries of the Arabs, whicli for the 
most part vanished without results— this modern natural 
“science dates, like all more recent history, from that 
mighty epoch which we Germans term the Reformation, 
from tKc national misfortune that overtook us at that 
time, and which the French term the Renaissance and 
thp Italians the Cinquccento, although it is not fully 
expressed by any of those names. It is the epoch which 
had its rise in the last half of the fifteenth century. 
Royalty, with the support of the burghers of the towns, 
broke the p<»wer of the feudal nobility and established 
the great monarchies, based essentially on nationality, 
within which the modern European nations and modern 
bourgeois society came to development. And while 
the burghers and nobles were still fighting one another, 
the peasant war in (Jermany pointed prophetically to 
future class struggles, not only by bringing on to the 
stj^e the peasants in revolt that was no longer any- 
thing new — but behind them the lieginnings of the 
mwlern proletariat, with the red flag in their hands and 
the den«ind*for common ownershij) of goods on their 
lips. ,In the manuscripts .saved from the fall of Byzan- 
tium, in the antique statues dug out of the ruin? of Rome, 
a new world was revealed to the astonished West, that of 
ancient Greece : the ghosts of the Middle Ages vanished 
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before its shining forms ; PtSly rose to an undredmt-of 
flowering of art, which seemed like a reflection of classical 
anti(fuity*and was never* attained again. In* Italy, 
France, and Germany a new literature arose, the first ' 
modem literature ; shortly afterwards came the classical 
epochs of English and Spanish literature. The bounds 
of the old orbis terrarum were pierced. Only n<jw for the 
first time yras the world really discovered and the basis 
laid for subsequent world trade* and^the |ransition from 
handicraft to manufacture, which in its turn formed the 
Ttarting-point for modem large scale industry. The 
dictatorship of the Church over men’s minds was 
shattered; it was directly cast ol^by tRe majority of 
the Germanic peoples, who adopted Protestantism^ 
while among the Latins a cheerful, spirit of free thought, 
taken over from the Arabs and nourished by themewly- 
discovered Greek philosophy, took root more and more 
and prepared the way for the materialism of the 
eighteenth century. • 

It was the greatest progressive revolution that man- 
kind has so far experienced, a time which called for 
giants and produced giants — giants in power of thought, 
passion, and character, in universality and learning. 
The men who founded the modem mle of the bourgeoisie 
had anything but bourgeois limitations. On thp 
contrary, the adventurous character of the time inspired 
them to a greater or less degree. There was hardly any 
man of importance then living who had not travelled 
extensively, who did not command four"or five languages, 
who did not shine in a number of fields. Leonardo da 
Vinci was not only a great painter but also* a great 
mathematician, mechanician, and engineer, to whom 
the most diverse branches of physics are indebted f<tt, 
important* discoveries. Albrecht Diirer was painter, 
engraver, sculptor, and ^p’chitect, and in addition 
invented a system of fortificatiqn embodying many of 
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the ideas that much later were again taken up by Monta- 
lembert^and the modem German scimce of fortification. 
.Machiavelli was statesman, Historian, poet, and at* the 
same time the’ftrst notable military author of modem 
times. Luther not only cleaned the Augean stable ^ of 
the Church but also that . of the German language ; he 
created nibdem <ierman prose and composed the text 
and melody of that triunaphal hymn, which became the 
Marseillaise of "the sixtemth century .2 The heroes of. 
•that time had not yet come under the! servitude of the„ 
division of labour, the restricting effects of which, with ■ 
its production , of onesidedness, we so often notice in 
their successors. But what is especially characteristic 
df them is that they almost all pursue their lives and 
activities in the midst of the contemporary movements., 
in the practical struggle ; they take sides .and join 
in the fight, one by speaking and writing, another with 
the, sword, many with both. Hence the fullness and 
force of character that makes them complete men. 
Men of the study are the exception — either persons of 
second or third rank or cautious philistines who do not 
want to bum their fingers. 

At that time natural science also developed in the 
midst of the general revolution and was itself thoroughly 
revolutionary ; it had to win in struggle its right of 
existence. Side by side with the great Italians from 
whom modern philosophy dates, it provided its martyrs 
fpr the stake and: the prisons of the Inquisition. And it 
is characteristie that Protestants outdid Catholics jn 
persecuting the free ’investigation of nature. Calvin 
had Servetus burnt at the stake when the latter was 
on the point of discovering the circulation of the blood, 

““Augwn stable: one of the mythical labours of the Greek hero 
Iletacl^ (Hercules) was the removal of dung from this stable. 

■ Bin fester Burg ist unser Golf. (“ A safe stronghold our God is 
rtill ”) : This hymn has recently sung on a large scale by pro* . 
testant congregations in Germany 'which .have not accepted Hitler’s 
theology. 
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and indeed he kept him roasting alive during two hours ; 
for the Inquisition, at least it suflSced to have Giordano 
Bruno simply burnt alive. * 

The revolutionary act by which natural science de- 
clared its independence and, as it were, repeated Luther’s 
burning of the Papal Bull was the publication of the 
immortal work by which Co]^ernicus,»thou|fh timidly 
and, so to speak, only from his deathbed, threw down 
the gauntlet to ecclesiastical authotity in the affairs of 
Oiature. The emancipation of natural science from 
theology ^dates from this act, although the fighting out 
of the particular antagonistic claims h^s dragged ouj 
up to our day and in many minds^s still far from com- 
pletion. Thenceforward, however, the development of 
the sciences proceeded with giant .strides, and, it might 
be said, gained in force in proportion to the square of 
the distance (in time) from its point of departure. It 
was as if the world were to be .shown that henceforth the 
reciprocal law of motion would be as valid for the 
highest product of organic matter, the human mind, as 
for inorganic substance. 

The main work in the first period of natural scienoe 
that now opened lay in mastering the material imme- 
diately at hand. In most fields a, start had to be made 
from the very beginning. Antiquity had bequeathed 
Buclid and the Ptolemaic solar sy.stem ; the Arabs 
had left behind the decimal notation, the beginnings of 
algebra, the modern numerals, and alchemy ; the. 
Christian Middle Ages nothing at all. Of necessity, in 
this situation the most fundamental natural science, 
the mechanics of terrestrial and heavenly bodies, ’ 
occupied first place, and alongside of it, aif handmaiden 
to it, the discovery and perfecting of mathematics.! 
methods. -Great work was achieved here. At the end 
of the period characterised 'by Nevton and Linnaus we 
find these branches of science ' brought to a certmn 
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perfection. The basic featflres of the most essential 
mathematical methods were established; analytical 
geometry by Descartes especially, logarithms by Napier, 
‘and the diffeirential and integral calculus by Leibniz 
and perhaps Newton. i The same holds good of the 
mechanics of rigid bodies, the main law's of which 
were Qiadp clear, once for all. Finally in the astronomy 
of the solar system Kepler discovered the laws of 
planetary movement and Newton formulated them 
^ from the point of view of the general laws of motion of 
matter. The other branches of natural science were” 
far removed even from this preliminary pBrfectidn. 
Only towards fhe en^ of the period did the mechanics of 
iluid . and gaseous bodies receive further treatment. 
Physics proper had still not gone beyond its first be- 
ginnings, with the exception of optics, the exceptional 
progress of which was due to the practical needs of 
astronomy. By the phlogistic theory, chemistry for 
thd first time emancipated itself from alchemy. Geology 
had not yet gone beyond the embryonic stage of 
mineralogy ; hence palaeontology could hot yet exist at 
all. Finally, in the field of biology the essential preoccupa- 
tion was still with the collection and first sifting of 
the immense material, not only botanical and zoological 
but also anatomical and even physiological. There 
could as yet be hardly any talk of the comparison of the 
various forms of life, of the investigation of their geo- 
graphical distribution and their climatic, etc., living 
conditions. . IJertf only botany and zoology arrived at 
an approximate completion o'wing to Linjiaeus. 

J • 

1 There can be little doubt that Newton and Leibniz invented the 
cmleulus injjiepenpdently. Here and elsewhere Engels is i>erhaps over- 
cntieal of Newton. It must be remembered that Newton’s essentially 
mechanical outlook on nature ,had been so brilliantly successful for 
over a century that it had been accepted as a dogma, and \fas therefore* 
retarding the progress of science. Now tlrat we can sec where Newton 
went wrong, we can perhaps apprectate^his greatness better than was 
possible when it was absolutely essential to criticise him. 
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Bijfc what Specially characterises this period ’is the 
elaboration of a peculiar general outlook, in which the 
central point is the view of the absolute immtdeMlity of 
nature. In whatever way nature itself .might have come 
into being, once present it remained as it was as long 
as it continued to exist. The planets and their satellites, 
once set in motion by the mysterious “ first impulse,” 
circled on and on in their predestined ellipses for all 
eternity, or at any rate until th^ en4 of all things. 
The stars remained for ever fixed and immovable in their 
"places, keeping one another therein by “ universal 
gjKivitatiftn.” The earth had persisted without altera- 
tion from all eternity, or, alterni^vely,*from the first 
day of its creation. The “ five continents ” of thn 
present day had always existed, and they had always 
had the same mountains, valleys, and rivers, the same 
climate, and the same flora and fauna, except in so far 
as change or cultivation had taken place at the hand of 
man. The species of plants and animals had blen 
established once for all when they came into existence ; 
like continually produced like, and it was already a 
good deal for Linnseus to have conceded that possibly 
here and there new species could have arisen by crossing. 
In contrast to the history of mankind, which develops 
in time, there was ascribed to the history of nature only 
an imfolding in space. All change, all development in 
nature, was denied. Natural science, so revolutionary 
at the outset, suddenly foimd itself confronted by an 
out-and-out conservative nature in vfhicjfi even to-day 
everything was as it had been at the beginning and in 
which — ^to the end of the world or for all eternity — 
everything would remain as it had been since the 
beginning. , 

, High ae the natural science of the first half of the 
eighteenth century st<v>d, above Greek antiquity in 
knowledge and -even in the sifting of its material, it 
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stood just as deeply below Greek antiquity in the theo- 
retical mastery of this material, in the general outlook 
on nature. For the Greek |)hilosophers the world was 
essentially something that had emerged from chaos, 
something that had developed, that had come into 
being. For the natural scientists of the period that we 
are dealQig with it was something ossified, something 
immutable, and for most of them something that had 
been created at one stroke. Science was still deeply 
enmeshed in theology. Everywhere it sought and. 
found its ultimate resort in an impulse from outside 
^that was not |o be explained from nature itself. Even 
if attraction, by Newton pompously baptised as “ uni- 
•versal gravitation,” was conceived as an essential 
property of matter, whence comes the unexplained 
tangential' force which, first gives rise to the orbits of 
the planets ? How did the innumerable varieties of 
ai\imals and plants arise ? And how, above all, did 
man arise, since aftet all it was certain that he was not 
present from all eternity ? To such questions natural 
science only too frequently answered by making the 
creator of all things responsible. Copernicus, at the 
be^ning of the period, writes a letter renouncing 
theology ; Newton closes the period with the postulate 
of a divine first impulse. The highest general idea to 
which this natural science attained was that of the pur- 
posiveness of the arrangements of nature, the shallow 
teleolo^ of WolQ, according to which cats were created 
to eat mice, mice to be eaten by cats, and the whole 
of nature to testify to the wisdom of the creator. It is 
* tp the highest credit of the philosophy of the time that 
it did no* letritself be led astray by the restricted state of 
COntepiporary natural knowledge, arid that— from Spinoza 
fight to the great French materialists — it insisted on 
explaining the. world from the world it.sclf and left the 
justification in detail to the natural science of the future. 
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I include the materialists of the eighteenth century in 
this period because no natural scientific material was 
available to them other than that above described. , 
Kant’s epoch-making work remained ar secret to them, 
and Laplace came long after them. We should not 
forget that this obsolete outlook on nature, although 
riddled through and through by the pn^ess <Jf science, 
dominated the entire first half of the nineteenth century, 
and in substance is even now still tnughfin all schools. ^ 
» The first breach in this petrified outlook on nature 
was made^not by a natural scientist but by a philosopher. 
In 1755 appeared Kant’s Allgemeine Natiifgeschichie und^ 
Theorie des Himmels [General Naiuffd History and Theory 
of the Heavens]. The question of the first impulse wasT 
abolished ; the earth and the whole solar system appeared 
as something that had come into being in the course of 
time. If the great majority of the natural scientists 
had had a little less of the repugnance to thinking tbnt 
Newton expressed in the warning : “ Physics, beware of 
metaphysics I ”, they would have been compelled from 
this single brilliant discovery of Kant’s to draw con- 
clusions that would have spared them endless deviations 
and immeasurable amounts of time and labour wasted 
in false directions. For Kant’s discovery contained the 

' How tenaciously ieveo in 1801 this view could be held by a man 
whose scientific achievements had provided highly important materia! 
for abolishing it is showja by the following classic words : 

‘‘ All the arrangements of our solar system, so far as we are capable 
of comprehending them, aim at preser^^ation pf what exists and at 
unchanging continuance. Just as since the most, ancient times no 
animat and no plant on the earth has become more perfect or in any 
way different, just as we find in all organisms only stages alongside of 
one another an<i npt following, one another, just as onr O'^n race has • 
always remained the same in corporeal respects— so even the greatest 
diversity in the co-existing heavenly bodies does ribt justify us in 
assuming that these forms are merely different stages of development ; 
it is rather that everything created is equally perfect in itself,’’ (MMIer, ♦ 
Popular Amonomy. Herlin, 1801* Oth edition, p. 010,) ► [Note ky 
F. Bngek,] 

* MHdler* a German ast ronbmer* discussed the motions of the so-caHe<l 
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point of departure for all further progretss. .If fhe earth 
were ^something that had come into beiag:, then ■ its 
present geological, geograptiical, and cli matic sdatc, and 
its plants and animals likewise, must bc' someth'ing that 
had come into being ; it must have had a history not 
only of co-existcuee in space but also lof succcssi'on in 
time. If at ‘once further investigatiions had been 
resolutely ptirsued in" this direction, natural scie uce 
woidd now b& conSiiderably further advanced than it .is. 
But what good could come of philosophy ? Karrt.’i'* 
work remained without immediate results, jintil man.'? 
years later Ijftplaee and Herschel e.xpoundcd its contents 
and gave them a flcc'per foundation, thereby graduall v 
bringing the " nebular hypothesis ■' > into favour. 
Further discoveries finally brought it victory ; the 
mo.st iiiiportant of these wen* : the proper motion of 
the fixed stars, the demonstration of a rt'sistant medium 
in universal space, the proof furnished by spectral 
analysis of the chemical identity of the matter of the 
universt' and the existence of such glowing nt'bular 
musses as Kant had postulated. 

It is, however, permissible to doubt whether the 
majority of natural scientists would so soon have become 
conscious of the contradiction of a changing earth that 
bore immutable organisms, had not the dawning 
conception that nature tloes not just exisk but comes 
into being and posses oxcay, derived support from another 
tpiartcr. (leology arose ami pointed out, not only the 
terrestrial strata formed one after another and deposited 

^ This %vus the hypotlitsis that thoNun aiul its phuiets had 
out of ;urota^inji» iu*hula. It was rejjardt'd as phiiwibU* for over a 
^■ootury. However, there Is now no doutit that the m*huhe are all 
vasti\*lar^u*r than the solar system, lunl the spiral nehahe, from one of 
whieh the solar syMem was thought to have orijj:inate<i. are .^vsteins of 
t housands of milHons of stars. like yur own Milky Way, hut mueh more 
uistant. The hyptd hosts was however of immense iinj)orlunec beeuuse 
if hrst made jt likely that the solar system has a history. It nvay be 
iMiintmriHl wHh the ideas <if the hiieientstm hinlo^ieal evolution. 
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one up6n fuiother, but also the shells and skeletons of 
extinct ai).iinals and the trunks, leaves, and fruits of no 
longerWisting plants contaihed in these strata, tt had 
finally t o be acknowledged that not only t‘he earth as a 
whole ’but also its present surface and the plants and 
animejs living on it possessed a history in time. At 
first the acknowledgement occiured reluctantly*enough. 
Cuvier’s theory of the revolutions of the earth was 
re.volutionary un phrase and reactionary an substance. 
''W- place of a single divine creation, he put a whole 
•sfiries of repeated acts of creation, making the miracle 
Fin essential natural agent. Lyell first Ijrought sense 
into geology by substituting for th<?' sudden revolutions 
due to the moods of the creator the gradual effects of a 
slow transformation of the earth.' 

Lyell’s theory was even more incompatible than any 
of its predecessors with the assumption of constant 
organic species. Gradual transformation of the earth’s 
surface and of all conditions of life led directly to gradual 
transformation of the organisms and their adaptation 
to the changing environment, to the mutability of 
species. But tradition is a power not only in the 
Catholic Church but also in natural science. For years, 
Lyell himself did not see the contradiction, and his 
pupils still less. This is only to be explained by the 
division of labour that had meanwhile become dominant 
in natural science, which more or less restricted each 
person to his special sphere, there being only a few 
whom it did pot rob of a comprehensive view. 

Meanwhile physics had made mighty advai^ces, the 
results of which were summed up almost simultaneously 
by three different persons in the year 184'2, an epoch- 

The deftot of LyelFs view — at least in its first form— lay in 
conceiving the forces at work on the earth as constant, both in quality 
and quantity. The cooling of the*^ earth does not exist for him ; the 
earth does not develop in a definite direction but merely changes in an 
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mailing year for this braflch of natural invessigatiQn. 
Mayer in Heilbronn and Joule in Manchester demon- 
stratad the transformatiqfi of heat' into ’mechanical 
energy ' and of mechanical energy into heat. The 
determination of the mechanical equivalent of heat put 
this result beyond question. Simultaneously, by 
simply jvorking up the separate physical results already 
arrived at, (irove — ^not*a natural scientist by profession, 
but an English ^ lawyer — ^proved that all so-called 
physical energy, mechanical energy, heat, light, elec- 
tricity, magnetism, indeed even so-called chemic21^ 
energy, become transformed into one another uflder 
definite conditions without any loss of energy occurring, 
and so proved post factum along physical lines Descartes’ 
principle that the quantity of motion present in the world 
is constant. With that the special physical energies, 
the as it were immutable “ species " of physics, were 
resolved into variously differentiated forms of the 
ihotion of matter, convertible into one another according 
to definite laws. The fortuitousness of the existence of 
a number of physical energies was abolished from 
science by the proof of their interconnections and 
transitions. Physics, like astronomy before it, had 
arrived at a result that necessarily pointed to the eternal 
cycle of matter in motion as the ultimate reality. 

The wonderfully rapid development of chemistry, 
since Lavoisier, and especially since Dalton, attacked 
the old ideas of nature from another aspect. The pre- 
paration by yioi^ganic means of compounds that hitherto 

had l)ocn produced only in the living organism proved 

• 

* ThrougJiout this paragraph the Genuum word Kraft ” has been 
translated energy.” Joule and other contemporaries used the word 

forc*^" ” where we should now use energy. We shall see later 
(p. that Engels objected to the use of the word “ Kraft ” or force 
for eneigy. At one time he preferred “ motion,” bift in his later 
writings he used the term energy ” ns almost all modern writers do. 
The rendering here makes Engels' meaning clearer than if the am!)iguous 
word forcHi ” hud been used. 
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that the* laws of chemistry h&vc the same validity for 
organic as for inorganic bodies, and to a large extent 
bridged’the gulf between inoaganic and organic nature, 
a gulf that even Kant regarded as for ever, impassable. 

Finally, in the sphere of biological research also the 
scientific journeys and expeditions that had been 
systematically organised since the middle of the peevious 
century, the more thorough cxplomtion of the European 
colonies in all parts of the world by„spccialists living 
there, and further the progress of palscontology, anatomy, 
anS physiology in general, particularly since the system- 
atic use of fhe microscopt' and the discovery of the cell, 
had accumulated so much material tljat the application 
.of the comparative method became possible and at the 
same time indispensable. On the one hand the conditions 
of life of the various floras and faunas were determined 
by means of comparative physical geography ; on the 
other hand the various organisms were compared with 
one another according to their homologous organs,*^ 
and this not only in the adult condition but at all 
stages of development. The more deeply and exactly 
this research was carried bn, the more did the rigid 
system of an immutable, fixed organic nature crumble 
away at its touch. Not only did the separate species of 
plants and animals become more and more inextricably 
interiningled, but animals turned up, such as Anvphioama^ 
and Lepidosiren,^ that made a mockery of all previous 
classification, and finally organisms were encountered 
of which it w’as not possible to say whether they belonged 
to the plant or animal kingdom. More and more the 
gaps in the palasontological record were filled up,' com- 
pelling even the most reluctant to acknowledge the 
striking parallelism between the evolutionary history of ' 

* Amphioxm* A headless marine animal with some of the cliarac* 
teiistios of a fish, but much mord immitivc, 

* L^pidosirm, One of the lungnsh which can breathe air fbr months 
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the organic world as a whole and that of the individual 
organism, the Ariadne’s ^hread that was 'to lead the 
way out of.th^ labyrinth in which botany and zoology 
appeared to Have become more and more deeply lost. 
It was characteristic that, almost simultaneously with 
Kant’s^attack on the eternity of. the solar system, C. F. 
Wolff in 1755 launched the first attack on the fixity 
of species and proclaimed the theory of descent. But 
what in his'’case*was still only a brilliant anticipation 
took firm shape in the hands of Oken, Lamarckj Bear, 
and was victoriously carried through by<> Darwin in 
1859, exactly a hundred years later. Almost simul- 
taneously it was established that protoplasm and the 
cell, which had already bfeen shown to be the ultimate 
morphological constituents of all organisms, occurred 
independently as the lowest forms of organic life. This 
not only reduced the gulf betvyeen inorganic and organic 
nature to a minimum but removed one of the most 
essential difficulties that had previously stood in the 
' way of the theory of descent of organisms. The new 
conception of nature was complete in its main features ; 
all rigidity was dissolved, all fixity dissipated, all 
particularity that had been regarded as eternal became 
transient, the whole of nature shown as moving in 
eternal flux and cyclical course. 

Thus we have once again re'tumed to the point of 
view of the great founders of Greek philosophy, the 
view that the whole of nature, from the smallest elment 
to the greatest, from grains of sand to suns, from 
protista i to men, has its existence ' in eternal coming 
into being^and passing away, in ceaseless flux, in un- 
^ resting motion and change, only with the essential 
difference that what for the Greeks wa* a brilliant 
intuition, is in our ease tjie result of strictly scientific 

‘ Protiaa. Single^oeUed animate and plants such as Paramoecium, 
Amoeba* Bacillus* 
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research m accordance with experience, and hence also 
it emei^es in a much more definite and clear form. 
It is true that the empirical proof of this ipotion is not 
wholly free from gaps, but these are insignificant in 
comparison with what has already been firmly established, 
and with each year they become more and more filled 
up. And how could the proof jn detail be otherwise 
than defective when one bears in mind that the most 
essential branchesof science — ^trans-plahetajfy astronomy, 
chemistry, geology — have a scientific existence of barely 
a hundred years, and the comparative method in physio- 
logy one of barely fifty years, and that the basic form of 
almost all organic development, the*cell, is a discovery 
not yet forty years old ? 

The innumerable suns and solar systems of our island 
universe,* bounded by the outermost stellar rings of the 
Milky Way, developed from swirling, glowing masses of 
vapour, the laws of motion of which will perhaps be 
disclosed after the observations of some centuries have 
given us an insight into the proper motion of the stars.’ 
Obviously, this development did not proceed every- 
where at the same rate. Recognition of the existence 
of dark bodies, not merely planetary in nature, hence 
extinct suns in our stellar system, more and more forces 
itself on astronomy (MSdler) ; on the other hand 
(according to Secchi) a part of the vaporous nebular 
patches belong to our stellar system as suns not yet 
fully formed, whereby it is not excluded that other 
nebulse, as Madler maintains, are distant mdependent 
island universes, the relative stage of developipent of 

which must be determined by the spectroscope. 

* 0 

I This refers to the system of stars of whieh the suu h one, atvd the" 
Milky Way represents the densest portions. MMler was right in 
maintaining that many of the other bodies then deseribed as nebute 
were siniilar masses of stars. His view that there are extinct suns is 
mow* doubtful. Kor is it clear that the gaseous nebuke are likely to 
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How a solar system develops teom an in'&ividual 
nebular mass has been shown in detail by Laplace 
in a manner still unsurpassed ; subsequent science has 
more 'and mdre iconiirmed him.> 

On the separate bodies so formed— suns as well as 
planets and satellites — ^the form of motion of matter at 
first prevailing is that which we call heat. There can 
be no question of cheiftical compounds of the elements 
even at a temperature like thaA still possessed by the 
sun ; the extent to which heat is transformed into 
electricity or magnetism ^ under such conditions, con% 
tinned solar observations will show ; it is already as good 
as proved that the mechanical motion taking place in the 
sun arises solely from the conflict of heat with gravity. 

The smaller the individualt bodies, the quicker they 
cool down, the satellites, asteroids, and meteors first of 
all, just as our moon has long been extinct. The planets 
cool more slowly, the central body slowest of all. 

* With progressive cooling the interplay of the physical 
forms of motion which become transformed into one 
another comes more and, more to the forefront uhtil 
finally a point is reached from when on chemical affinity 
begins to make itself felt, the previously chemically 
indifferent elements become differentiated chemically 
one after another, obtain chemical properties, and enter 
into combination with one another. These compounds 
change continually with the decreasing temperature, 
which affects differently not only each element but also 
each separate compound of the elements, changing also- 
with the consequent passage of part of the gaseous 
matter* first to the liquid and then the solid state, and 
with the new conditions thus created. 

* Baplace^s theory ie fairl>r eertainly Incorrect. * 

» Huge magnetic fields have been dlioovered in the sunspot*#, and 
it is also known that the matttcr shot out in solar prominencses is electric 
cally ehaxged. Both these toots were iinsus|>eet<^ hy most, if not all, 
sMitronomers when Kngels wimte. 
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The period wheiA the; planet has a firm shell and 
accumulations of w.ater on its surface coincides with 
that when its intrinsic hent diminishes more and more in 
comparison to the heat emitted to it from'' the central 
body. Its atmosphere be;eomes the arena of meteoro- 
logical phenomena in the ficnse in which we now under- 
stand the word ; its sun-face becomes .the arena of 
geological changes in which the deposits resulting from 
atmospheric precipitation become .of ever greater 
iiljportande in comparison to the slowly decreasing 
eecteiyial effects of the hot fluid interior. 

If, finally, the temperature becomes so far equalised 
that over a considerable p'ortion of lilic surlacc at least 
it does not exceed' the liimits within -which protein * 
is capable of life, then, if other chemical conditibns are 
favourable, living protoplasm is formed. What these 
conditions arc, we do not y-et know, which is not to be 
wondered at since so far not even the chemical formula 
of protein has been established — we do not even know 
how^ many chemically different protein bodies there 
are-^and since it is only afaoiut ten years ago that the 
fact became know-n that completely structureless 
protein 2 exercises all the essential functions of life, 
digestion, exeretion, movement,, contraction, reaction to 
stimuli, and reproduction. 

' Throughout this hook Kngols' wowl '< M'hceinx" is translated as 
‘"protein." The word “aWunien" which has been used in the transla- 
tion of some of lingcls’ other works, is now applied to one group of the 
proteins only. The chemical formula: .of a few proteins wet* fttat 
disco%'er«d with fair accuracy by Bergmamn, a GermanrJewish refugee 
in Kew York, in nWB. However, the ortier it» which their constituents 
are arrunge<l is still inwmplctely known . There are probably many 
millions of different proteins. . . * 

* Structtireless protein : Jtathj/biiia irmtcMi, wliich was supposed 
to l)e an organisnt composed of a mere mans of 8tructureIess"protein. 
proved to la: an artefact, that is to say mot a natural object, but one - 
pToducc<l by tte chemicals intended to preserve it. However IShgels 
was ftindamcntally ’ right. Some of the “ viruses,” that is to say the 
smaltet agents of disease, are simply large protein molecules, as first 
shown by Stanley in 1986. They do not appear to esercise all the 
hiiH.S'-Ktns of life, hut only some of them. 
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Thousands of years may "have passed before* the 
conditions arose in which the next advance could take 
place and this formless protein» produce the first cell* by 
formation' of rtucleus and cell membrane. But this 
first cell also provided the foundation for the morpho- 
logical development of the whole organic world ; the 
first to develop, %s it is permissible to assume from the 
whole analogy of the palseontological record, were 
iimumerable species qjp non-cellular and cellular protista, 
pf which Eozoon canadense ^ alone has come down to us, 
and of which some were gradually differentiated into the 
first plants and others into the first animals. And from 
tlie first animals were^developed, essentially by further 
differentiation, the numerous classes, orders, families, 
genera, and species of animsds; and finally mammals, 
the form in which the nervous system attains its fullest 
development; and among these again finally that mammal 
in which nature attains consciousness of itself — man. 

Man too arises by differentiation. Not only indi- 
vidually, by differentiation from a single egg cell to the 
most complicated organism that nature produces — no, 
also historically. When after thousands of years ^ 
of struggle the differentiation of hand from foot, and 
‘erect gait, were finally established, man became distinct 
from the monkey and the basis was laid for the develop- 
ment of articulate speech and the mighty development 
of the brain that has since made the gulf between man 
and monkey an imbridgeable one. The specialisation 
of the hand — ^tbis Implies the tool, and the tool implies 
specific human activity, the transforming reaction of 
man on dature, production. Animals in the narrower 
sense also.haAoe tools, but only as limbs of their bodies : 

% 

^ Eozmn cancukrm is almost certainly not an organic product. Never- 
theless there is every reason to believe in the essential trnth of this 
paragraph. 

» The geological time-scale is longer than was believed fifty years 
ago. ** Millions of years ’’ would be more correct. 
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the tot, the bee, the beaver ; animals also produeo, 
but their productive effect on surrounding nature in 
relation to the latter amounts to nothing at all. Mail 
alone has succeeded in impressing his st&»mp on nature' 
not only by shifting the plant and animal world from 
one place to another, but also by so altering the aspect 
and climate of his dwelling place, and even "the plants • 
and animals themselves, that the consequences of his 
activity can disappear only with IJhe general extinction 
of the terre.strial globe. And he has accomplished thi)» 
primarily and essentially by means of the hand. Even 
fhe steaSn engine, so far his most powerful tool for the 
transformation of nature, dependiv because it is a tool, m 
the last resort on the hand. But step by step with the 
development of the hand went that of the brain ; first of 
all consciousness of the conditions for separate practically 
useful actions, and later, among the more favoured 
peoples and arising from the preceding, insight into 
the natural laws governing them. And with 'th<^ 
rapidly growing knowledge of the laws of nature the 
means for reacting op nature also grew ; the hand alone 
would never have achieved the steam engine if the brain 
of man had not attained a correlative development with 
it, and parallel to it, and partly owing to it. ' 

With men we enter history. Animals also have a 
history, that of their derivation and gradual evolution 
to their pre.sent position. This history, however,’ is 
made for them, and in so far as they themselves take 
piart in it, this occurs without their knowledge or desire. 
On the other hand, the more that human beingis become' 
removed from animals in the narrower .sense of th<^ 
word, the more they make i^eir own history consciously, 
the less becomes the influence of imforeseen effects and 
uncontrolled forces on this history, and the more 
accurately does the historical result correspond to the 
aim laid down in advance. If, however, we apply this 
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measure to human history, to that of even the most 
developed peoples of the present day, we find that there 
still exists here a colossal disproportion between the 
proposed aims and the results arrived at, that unforeseen 
effects predominate, and that the uncontrolled forces 
are far more powerful than those set into motion 
according ho plan. And this cannot be otherwise as 
long as the most essential liistorical activity of men, the 
one which has raised*them from bestiality to humanity 
and which forms the material foundation of all their 
other activities, namely the production of their ^requir^ 
loents of life, that is to-day social production, is above 
all subject to the interplay of unintended effects ftrom 
uncontrolled forces and achieves its desired end oniy 
by way of exception and, much more frequently, the 
exact opposite. .In the most advanced industrial 
countries we have subdued the forces of nature and 
pressed them into the service of mankind; we have 
thereby infinitely multiplied production, so that a child 
now produces more than a hundred adults previously 
did. And what is the result ? Increasing overwork 
and increasing misery of the masses, and every ten years 
, a great collapse. Darwin did not know what a bitter 
satire he wrote on mankind, and especially on his 
countrymen, when he showed that free competition, the 
struggle for existence, which the economists celebrate 
as the highest historical achievement, is the normal state 
of the animal kingdom. Only conscious organisation of 
social production, in which production and distribution 
|ixe carried on in a planned way, can lift man k i n d 
above the rest of the animal world as re^rds the social 
aspect, iif the* same way that production in general has 
done this for men in their aspect as species. Historical 
evolution makes such an organisation daily more in- 
dispensable, but also with every day more possible. 
From it will date a new epoch of history, in which man- 
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ki^’d itself, and with mankind all branches of its activity, 
and especially natural science, will experience ^ advance 
that will put everything preceding it in the deepest shade. 

Nevertheless, “ all that comes into being deserves to 
perish.” Millions of years may elapse, hundreds of 
thousands of generations be born and die, but in- 
exorably the time will come when the declifting warmth’ 
of the sun * will no longer sufhce to melt the ice thrusting 
itself forward from the poles; r/hen-the human race, 
crowding more and more about the equator, will flnaRy 
no longer find even there enough heat for life; when 
"gradually even the last trace of organic life will vanisjh ; 
and the earth, an extinct frozen globe like the moon, will 
circle in deepest darkness and in an ever narrower orbit 
about the equally extinct sun, and at last fall into it. 
Other planets will have preceded it, others will follow 
it; instead of the bright, warm solar system with its 
harmonious arrangement of members, only a ^old, 
dead sphere will still pursue its lonely path through 
imiversal space. And what will happen to our .solar 
system will happen sooner or later to all the other 
systems of our island universe; it will happen to all 
the other innumerable island universes, even to those, 
the light of which will never reach the earth while there 
is a living human eye to receive it. 

And when such a solar system has completed its life 
history and succumbs to the fate of all that is finite, 
death, what then ? Will the sun’s cprpse roll on for all 
eternity through infinite space, and all the once infinitely 
diverse, differentiated natural forces pass foi; ever intp 

1 Until quife recently these rather gloomy conclusions appeared 
inevitable, even if the time-scale proved to be vastly longer than was 
supposed. But in 198&-198S Milne and Dirao independently arrived 
at the conclusion that the laws of nature themselves evotvA, and in 
particular ^according to MUne) that chemical changes are sp^^ 
up (at the rate of about one two-thousand-miUionth part per year) in 
relation to physical changes. li^so it is at least conceivable uMt this 
process may be rapid enough to compensate for the cooling of the stars, 
and that life may never bMome impossible. 
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one single form of motion, attraction ? “ Or ’'--^-as 
Secchi asks (p. 810) — “ do forces exist in nature which 
can re-coftvert the dead system into its original stjftc 
of an incandesceftt nebula and re-aM'ake it to new life ? 
We do not know.” 

At all events we do not know in the sense that we 
feiow that 2X2 or that the attraction of matter 
increases and decreases according to the square of the 
distance. In theoretical natural science, however, 
which as far as possible builds up its view of nature into 
a harmonious whole, and without which nowadays 
, even the most thoughtless empiricist cannot get any-' 
wliere, we have very often to reckon with incompletely 
known magnitudes ; and logical consistency of thought 
must at all times help to get over defective knowledge. 
Modem natural science has- had to take over from 
philosophy the principle of the indestructibility of 
motion ; it cannot any longer exist without this principle. 
But the motion of matter is not merely crude njcchanical 
motion, mere change of place, it is heat and light, electric 
and magnetic stress, chemical combination and dis- 
sociation, life and, hnally, consciousness. To say that 
matter during the whole unlimited time of its cxistcnct' 
fias only once, and for what is an infinitesimally short 
period in comparison to its eternity, found itself able 
to differentiate its motion and thereby to unfold the 
'whole wealth of this motion, and that before and after 
this remains restricted for eternity to mere change of 
place — this is equivalent to maintaining that matter is 
mortal and motion transitory. The indestructibility of 
motion cannot be merely quantitative, it must also 
be conceived • qualitatively ; matter whose purely 
mechanifial change of place includes indeed the possibility 
under favourable conditions of being transformed into 
heat, electricity, chemical actiofl, or life, but which is not 
capable of producing these conditions from out of itself, 



22 ' IwiLKCTICS yK'NATURM 

sueSi matter ha^ forfeited^ motion ; motion which has lost 
the capacity of being transformed into the various fornw 
apjpropriate to it may indeed still have dynmnis but no 
longer energeia,^ and so has become paftially destroyed. 
Both, however, are unthinkable. 

This much is certain : there was a time when the 
matter of our island universe had transformed a quantity f 
of motion — of what kind we do not yet know— into heat, 
such that there could be developed from it the solar 
systems appertaining to (according to Madler) at lea^st 
twenty million stars, the gradual extinction of which is 
^likewise certain. How did this transformation take 
place ? We know just as little as FatW Secchi knows 
whether the future caput moriuum of our .solar system 
will once again be converted into the raw material of a 
new solar system. But here either we must have recour.se 
to a creator, or we are forced to the conclusion that the 
incandescent raw niaterial for the solar system of our 
universe was produced in a natural way by transforma- 
tions of motion which are by nature inherent in moving 
matter, and the conditions of which therefore also must 
be reproduced by matter, even if only after millions and 
millions of years and more or less by chance but with the 
necessity that is also inherent in chance. ' 

The possibility of such a transformation is mbre and 
more being conceded. The view is beui^ arrived at 
that the heavenly bodies arc ultimately destined to fall 
into one another, and one even calculates the amount of 

. t 

heat which must be developed on suchr collisions. The 
sudden flaring up of new stars, and the equally sudden 
increase in brightness of familiar one.s, of wh^ich we aft? 

informed by astronomy, is most easily •(explained '■* by 

* # 

* Dyitamis *’ and tjuergeiii " nva Grci^k word« u«cd by* Armtotk** 
Tiicy can roughly be translated as power ’’ and ** activity,*’ 

* The flaring up of new stsirs is now generally explained not by 
collision, but by an internal crisis in the star; in fhet lit ti more dia* 
lectical manner. 
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such collisions. Not only does our group of pl^ets 
move about the sun, and our sun within our island uni- 
yerse, but our whole island universe also moves in s^ace 
in temporary, Alafive equilibrium with the other island 
universes, for even the relative equilibrium of freely 
moving bodies can only exist where the motion is 
reciprocally determined ; and it is assumed by many 
that the temperature in 'space is not everywhere the 
same. Finally, we know that, with the exception of an 
infinitesimal portion, the heat of the innumerable suns 
of our island universe vanishes into space and fails to 
ijdse the temperature of space even by a millidhth of a 
degree centigrade. * What becomes of all this enormous 
quantity of heat ? Is it for ever dissipated in the 
attempt to heat universal space, has it ceased to exist 
practically, and does it only continue to exist theoreti- 
cally, in the fact that universal space has become warmer 
by 9 decimal fraction of a degree beginning with ten or 
more noughts ? The indestructibility of motion forbids 
such an assumption, but it allows the possibility that by 
the' successive falling into one another of the bodies of the 
universe all existing mechanical motion will be converted 
into heat and the latter radiated into space, so that in 
spite of all “ indestructibility of force ” -all motion in 
j^neral would have ceased. (Incidentally it is seen 
here how inaccurate is the term “ indestructibility of 
force ” 2 Jinstead of “ indestructibility of motion.”) 
Hence we arrive ^t the conclusion that in some way, 
which it will later be the task of scientific research to 
demonstmte, the heat radiated into space must be able 
to become transformed into another form of motion, 
in which* it dm once more be stored up and rendered 
a^ve.> Thereby the chief difficulty in the way of the 

^ Actually the temperatuTe of dust particles in the space between 
the galaxies is probably several degrees above absolute zero. 

* Engels lightly protests against the use of the ^me word “ Kraft 
for ** force and energy,” 
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reconversion of extinct suns into incandescent vapour 
<lisappears. 

For the rest, the ctefnally repeated succession o( 
worlds in infinite time is only the fogical complement 
to the co-existence of innumerable worlds in infinite 
space — a principle the necessity of which has forced 
itself even on the anti-theoretical Yankee brain of 
Draper.* 

It is au' eternal cycle in whteh matter nmves, a 
cycle that certainly only completes its orbit in periods 
of time for which our terrestrial year is no adequate 
measure' a cycle in which the time of bigbest develop- 
ment, the time of organic life and still more that of the 
life of beings conscious of nature and of themselves’, 
is just as narrowly restricted as the space in which life 
and self-consciousness come into operation ; a cycle in 
which every finite mode of existence of matter, whether 
it be sim or nebular vapour, single animal or genus of 
animals, chemical combination or dissociation, is 
equally transient, and wherein nothing is eiemal but 
eternally changing, eternally moving matter and the 
laws according to which it njoves and changes. But 
however often, and however relentlessly, this cycle is 
completed in ' time and space, however many nullion.s 
of suns and earths may arise and pass away, however 
long it may last before the conditions for organic life 

' “ The niultiplieity of worlds in infinite space leads to the conception 
of a succession of worlds in infinite time.” J. W. Draper, IlMory *>/ 
the Jntelkctual Development of Kurope, 1804. V&l. 2. p. 323. (.Vo/e bp 
F. Kngels.] ' 

* .\t present physicists arc divided on this question. .\ few take 
Itngels' view tluit the universe goes through oyolioal eluinges, eutropyt 
being somehow diminished by processes nt present unknown (e.g, 
fornmtiou of matter from radiutinn in interstellur* spiig;*). Othem 
think as Clausius (see p. 157) did, that it will run down. But there 
is a third jmssibility. .Vs |xiinted out above, the work t»f Milne 
suggests tlurt the universe us a whole luw n histoiv, though probably 
an intinite one both in the past and the fktture. It is almost tvrtain 
that Engels would Iiave" weleomefl this idea, although he here admits 
the eternity of the laws nepording to which matter movea and cliangn. 
But p. 202 shows how close Engels came to Milne's |>oint of view. 
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develop, however innumerable the organic beings that 
have to arise and to pass away before animals wjth a 
, brain capable of thought are Seveloped from their midst, 
and for a short span of time find conditions suitable for 
life, only to be exterminated later without mercy, 
we have the certainty that matter remains eternally 
the same in alF its traijsformations, that none of its 
attributes can ever be lost, and therefore, also, that Mrith 
the same iron neceSity that it will exterminate on the 
’earth its highest creation, the thinking mind, it must 
somewhere else and at another time again produce it. , 
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DIALKCTICS , 

r 

(The general nature of dialecties to Iw! developed as 
the scienc<‘ of intereonnections, iff contrast to ineta- 
physics.) ‘ 

It is, therefore, from the history of natpre and Iitnnai^ 
society that the laws of <lialectics*are abstracted. For 
they are nothing but the most general laws of these two' 
aspeets of historical development, as well as of thought 
itself. ,\nd indeed they can bo reduced in the main to 
three : 

The law of the transformation of quantity into quality 
and vice versa ; 

The law of the interpenetration of opposites ; 

The law of the negation of the negation. 

All three are developed by Hegel in his idealist fashion 
as mere laws of thought : the first, in the first part of his 
f^gic, in the Doctrine of Being ; the seeond fills the 
whole of the second and by far the most important part 
of his Logic, the Doctrine of Essence ; finally the third 
figures as the fundamental law for the constructi<m of 
the whole system . The mistake lies in |:he fact that these* 
laws are foisted on nature and history as Idws of thought, 
and not deduced from them. This is the sourpe of the , 
whole forced and often outrageous treatment ; the* 
universe, willy-nilly, is made out to he' arranged in 
accordance with a system of thought which itself fs onfy 
the product of a definite stage of evolution of human 
thought. If we turn the fhing round, then everything 
becomes simple, and tlw dialectical laws thdt look so 

a« f 
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extremely mysterious in idealist philosophy alf once 
become simple and clear as noonday. 

Moreover, anyone who is eweu only slightly acquainted 
with his Hegerwill be aware that in hundreds of passages 
Hegel is capable of giving the most striking individual 
illustrations from nature and history of the dialectical 
laws. . 

We are not concerned here with writing a handbook 
of dialectics, but oujy with showing that the dialectical 
. laws are really laws of development of nature, and 
therefore are valid also for theoretical natural science. 
Hence we cannot go into the inner interconnectiftnof th&e 
llaws with one another. 

• 1. The law of the transformation of quantity into 
quality and vice versa. For our purpose, we could 
express this % saying that in nature, in a manner 
exactly fixed for each individual case, qualitative 
changes can only occur by the quantitative addition 
or subtraction of matter or motion (.so-called energy).' 

All qualitative differences in nature rest on differences 
of chemical composition or on different quantities or 
forms of motion (energy) or, as is almost always the 
casc^ on both. Hence it is impossible to alter the 
quality of a body without addition or subtraction of 
matter or motion, i.e. without quantitative alteration 
of the body concerned. In this form, therefore, Hegel’s 
mysterious principle appears not only quite rational but 
even rather obvious. 

It is surely, hardly necessary to point out that the 
\arious allotropie " and aggrcgational states of* bodies, 

’ This sicetioii uresunmbly written at a later <iatc than the ill's t. 
The word m€rg§ was tieing used to supc^ede force and motiort in so far 
m they measured capacity for doing w'ork. 

® A ^Substance is. said to tie uUotropic when its n>oIecules or atoms 
can he arranged in dilTerent ways so as to give substances with 
different properties. Thus diamond and graphite are allotropie forms 
Ilf oarbon. The fact that they have different energy contents was fore- 
seen by Engels, but only proved after his death* 
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becaule they depend on various groupings of the mole- 
cules, depend on greater or lesser quantities of motion 
communicated to the bodies. • 

But what is the position in regard to’chfinge of form of 
motion, or so-called energy ? If we change heat into 
mechanical motion or vice versa, is not the quality 
altered while the quantity remains the same ? Quite 
correct. But it is with change of form of motion as 
with Heine’s vices ; anyone can be jvirtuous by himself, 
for vices two are always necessary. Change of form of 
motion is always a process that takes place between 
a^least t'^o bodies, of which one loses a definite quantity 
of motion of one quality (e.g. heat), while the other'' 
gains a corresponding quantity of motion ot another- 
quality (mechanical motion, electricity, chemical de- 
composition). Here, therefore, quantity and quality 
mutually correspond to each other. So far it has not 
been found possible to convert motion from one form to 
another inside a single isolated body. 

We are concerned here in the first place with non- 
living bodies ; the same law holds for living bodies, but 
it operates under very complex conditions and at present 
quantitative measurement is still often impossible for 
us.i 

If we imagine any non-living body cut up into smaller 
and smaller portions, at first no qualitative change 
occurs. But this has a- limit: if. we succeed, as by 
evaporation, in obtaining the separate molecules in the 
free state, then it is true that we can usually divide these 
stiir further, yet only with a complete change of quality. 
The molecule is dccompo.scd into its separate atoms, '' 
which have quite different properties, frortythofie of the 
molecule. In the case of molecules composed of vnrious 
chemical Clements, atoms or molecules of thcse-elcments 

» Kurds' view hus iK-fii <H>mpk*tely by wry 

measureminits. 
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themselves make their appearance in the place of the 
compound molecule; in the case of moleculcys of 
. elemente, thc^ free atoms Appear, which exert quite 
distinct qualitative effects : the free atoms of. nascent 
oxygen are easily able to effect what the atoms of 
atmospheric oxygen, bound together in the molecule, 
can never achieve. 

But the molecule is also qualitatively different from 
the mass of the body to which it lielongs. It can carry 
•out movements independently of this mass and while 
the latter remains apparently at rest, e.g. hc%t oscilla- 
tions ; by moans of a change of position and of con- 
nection with neighbouring molecules it can change the 
"body into an allotrope or a different state of aggregation. 

1 hus we see that the purely quantitative operation of 
division has a limit at which it becomes transformed into 
a qualitative difference : the mass consists solely of 
molecules, but it is something essentially different from 
the molecule, just a.s the latter is different from the atom. 
It is this difference that is the basis for the separation 
of mechanics, as the science of heavenly and terrestrial 
masses, from physics, as the mechanics of the molecule, 
and from chemistry, as the physics of the atom. 

I,n mechanics, no qualities occur ; at most, states such 
as equilibrium, motion, potential energy, which all 
depend on measurable transference of motion and arc 
themselves capable of quantitative expression. Hence, 
in so far as qualitative change takes place here, it is 
determined by* a corresponding quantitative change. 

, In phj'sics, bodies arc treated as chemically un- 
alterable or indifferent ; \ve have to do with changes 
of their ftiolccular states and- with the change of form 
of the*motion which in all cases, at least on ejne of the 
two sides, brings the molecule into play. Here every 
change is a transformation *of quantity into quality, 
a consequence of the quantitative change of the quantity , 
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of motion of one fonn or another that is inherent in 
the body or communicated to it. “ Thus, for instance, 
the temperature of water ^s first of all ^ indifferent in. 
relation to its state as a liquid ; but by increasing or 
decreasing the temperature of liquid water a point is 
reached at which this state of cohesion alters and the 
water becomes transformed on^the one' side into steam 
and on the other into ice.” (Hegel, Encyclopedia, 
Collected Works, VI, p, 217.) Similarly, a definite 
minimum current strength is required to cause the • 
piatinum,wire of an electric incandescent lamp to glow ; 
and every metal has its temperature o&i incandescence, 
and fusion, every liquid its definite freezing and boiling 
point at a given pressure — in so far as our means allow' 
us to produce the temperature required ; finally also 
every gas has its critical point at which it can be liquefied 
by pressure and cooling. In short, the so-called physical 
constants are for the most part nothing but designations 
of the nodal points at which quantitative adciition or 
subtraction of motion produces qualitative alteration 
in the .state of the body concerned, at which, therefon*, 
quantity is transformed into quality. ' 

The sphere, however, in which the law of nature 
discovered by Hegel celebrates its most inqmrtant 
triumphs is that of chemistry. Chemistry can Ik* 
termed the science of the qualitative changes of bodies 
as a result of changed quantitative composition. That 
was already known to Hegel himself. (Logic, ('oll<*ct<‘d 
'Works, III, p. 483).- As in the case (»f <ixyg<‘n >. 

t Henf, as so often, Kuj([els was fur in advance of his tiiAc. It wus^ 
obvious iifty years ago that the melting point of ii substuact* was a 
nodal point. But we now. know that its colour also rfpres<gits u scries 
of nodal points. As the frequency of light increases fr<»ia reel to viol<;t» 
we come to a series of. frequencies which are just able to .set tke mole* 
rules spinnflig or vibnding in a partiealar manner, f-ight of the«<‘ 
frequencies is therefore ubsorhcfl,. And the colour of n «ul)stance is 
simply the expression of its capacity for absorbing lights of ditferent 
frequencies. Other examples (smld b<* given, 

. * JSee Appendix II, p. , 
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It tftree atoms umte into a molecule, instead of the tisual 
two, we get ozone, a body which is very considerably 
different from ordinary oaiygen in its odom: 'and 
reactions. Again, ‘one can take the various proportions 
in which oxygen combines with nitrogen or sulphur, 
each of which produces a substance qualitatively 
different from finy of the others ! How different 
laughing gas (nitrogen monoxide NgO) is from nitric 
anhydride (nitrogen^pentoxide, N2O6) ! The first is 
p, gas, the second at ordinary temperatures a solid 
crystalline substance. And yet the whole difference in 
composition is that the second contains five times as 
iTiueh oxygen as the first, and between the two of them 
are three more oxides of nitrogen (NO, N2O3, NO2), 
each of which is qualitatively different from the first two 
and from each other. 

This is seen still more strikingly in the homologous 
series of carbon compounds, especially in the simpler 
hyc&ocarbons. Of the normal paraffins, the lowest is 
methane, CH4 ; here the four linkages of the carbon 
atom are saturated by four atoms of hydrogen. The 
second, ethane, CgHg, has two atoms of carbon joinetl 
together and the six free linkages are saturated by six 
• atoms of hydrogen . And so it goes on, with CjHg, 5, 
etc., according to the algebraic formula C„H2„+2. so 
tbat by each addition of CHg a body is formed that is 
qualitatively distinct from the preceding one. The 
three lowest members of the series are gases, the highest 
known, 1 hexadpeahe, C16H34, is a solid body with a 
boiling point of 270° C. Exactly the same holds good 
for the sefles of primary alcohols with formula C„H2„+20, 
derived (theoretically) from the paraffins, and the. 
series o^ monobasic fatty acids (formula C„H2„0o). What 
<iualitative difference can be caused by the quantitative 

^ Since Kngels’ time many more iuivc iie<*n 

made. 



32 DIMJfcCTICS OF KATUKE 

* * “ ' 

addition of CsHa is taught'by experience if we consume 
ethyl alcohol, C2H6O, in any drinkable form without 
addition of other alcohojs, and on another occasion 
take the same ethyl alcohol but with a slight addition of 
amyl alcohol, C8H12O, which forms the main constituent 
of the notorious fusel oil. One’s head will certainly 
be aware of it the next morning, much Jo its detriment ; 
so that one could even say that the intoxication, and 
subsequent “ morning after ” feeljpg, is also quantity 
transformed into quality, on the one hand of ethyl, 

' alcohol and on the other hand of this added CsHg. 

* In theke series we encounter the Hegelian law in yet 
another form. The lower members pe?mit only of £ 
single mutual arrangement of the atoms. If, however* 
the number of atoms united into a molecule attains a 
size definitely fixed for each series, the grouping of the 
atoms in the molecule can take place in more than one 
way ; so that two or more isomeric substances can be 
formed, having equal numbers of C, H, and O atomS in 
the molecule but nevertheless qualitatively distinct 
from one another. We can even calculate how many 
such isomers are possible for each member of the series. 
Thus, in the paraffin series, for C4H10 there are two, 
for C5H12 there are three ; among the higher members • 
the number of possible isomers mounts verj' rapidly. 
Hence once again it is the quantitative number of atoms 
in the molecule that determines the possibility and, in 
so far as it has been proved, also the actual existence of 
such qualitatively distinct isomers. ^ 

Still more. From the analogy of the substances with 
which we are acquainted in each of these series, w'e cam 
draw conclusions as to the physical propertjes of the 
still unknown members of the series and, at least for tlie 
members' immediately following the known ones, predict 
thdir properties, boiling point, etc., With fair certainty. 

Finally, the Hegelian law is valid not only for com- 
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pound substances but also lor the chemical elemeni 
themselves. We now know that “ the chemical jprt 
perties \>f the elements are » periodic function of the 
atomic weighfe ”*(Roscoe-Schorlemmer, Complete Tex 
Book of Chemistry, II, p. 828), and that, therefor 
their quality- is determined by the quantity of the 
atomic weight. .And the test of this has been brillimtl 
carried out. MendeleyeV proved that various gaj 
occur in the series TJfirelated elements arranged accordin 
•to atopiic weights indicating that here new elemeni 
remain to be discovered. He described in advance th 
^neral chemic^ji,! properties of one of these unknow 
elements, which he ternied eka-aluminium, because : 
follows after aluminium in the series beginning with th 
latter, and he predicted its approximate specific an 
atomic freight as well as its atomic volume. A fc 
years later, Lecoq de Boisbaudran actually discovere 
this element, and Mendeleyev’s predictions fitted wit 
only very slight discrepancies. Eka-aluminium wa 
realised in gallium {ibid,, p. 828). By means of the- 
unconscious— application of Hegel’s law of the trans 
formation of quantity into quality, Mendeleyev achieve 
a scientific feat which it i$ not too bold to put on a pa 
with that of Leverrier in calculating the orbit of the sti 
unknown planet Neptune. 

In biology, as in the history of human society, th 
same law holds good at every step, but we prefer t 
dwell here on examples from the exact sciences, sine 
heie the quantities are accurately measiuable an 
■ traceable. 

Probably the same gentlemen who up to now hav 
decried the transfonnation of quantity into quality s 
mysticism and incomprehensible transcendentalism wi 
now declare that it is indeed something quite self^eviden- 
trivial, and commonplace, which they have long en 
ployed, and .so they have been taught nothing ih*v 
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But to'ihave formulated for tfie first time in its universally 
valid form a general law of development of nature, 
society, and thought, will always remiun an act of historic 
importance. And if these gentlemen* h^e for years 
caused quantity and quality to be transformed into one 
another, without knowing what they did, then they will 
have to console themselves with Moliire’s Monsieur 
Jourdain who had spoken prdSc ail his life without 
having the slightest inkling of it. 
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Motion in the jujjst general sense, conceived as the 
mode of existence, the inherent attribute, of matter, 
comprehends all changes and processes occurring in 
the universe, from mere change of place right td thinking. 

' The investigafion of the nature of motion had as a matter 
of course to start from the lowest, simplest forms of this 
motion and to learn to grasp these before it could achieve 
an3i;hing in the way of explanation of the higher and 
more complicated forms. Hence, in the historical 
evolution of the natural sciences we see how first of all 
the theory of simplest change of place, the mechanics of 
heavenly bodies and terrestrial masses, was developed; 
it was followed by the theory of molecular motion, 
physics, and immediately afterwards, almost alongside 
of it and in some places in advance of it, the science of 
the motion of atoms, chemistry. Only after these 
different branches of the knowledge of the forms of 
niotion governing non-living nature had attained a 
high degree of development could the explanation of the 
processes of motion represented by the life process be 
successfully tackted. This advanced in proportion with 
the progress of . mechanics, physics, and chemistry. 
. Consequently, while mechanics has for a fairly long time 
already beei\ able adequately to refer the effects in the 
animal body of the bony levers set into motion by 
muscular contraction to the laws that prevail also in 
non-living nature, the physico-chemical establishment 
of the other phenomena of life is still pretty much at 

35 
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the- bi'giuning «)t‘ its course-.' He-noc, in investigatinj? 
here the nature of motion, wc are compelled to leave the- 
organic forms of motioik out of account. We are 
compelled to restrict ourselves — in accordance with the 
state of science — ^to the forms of motion of non-living 
nature. 

All motion is bound up with some ^phange of place, 
whether it be change of pl&ce of heavenly bodies, 
terrestrial masses, molecules, atomj>r»r ether particles. 
The higher the form of motion, the smaller this change, 
of place. It in no way exhausts the nature of the 
motion concerned, but it is inseparable front the motion. 
It, therefore, has to be investigated Ix-fore anythinjj 
else. 

The whole of nature accessible to us forms a system, 
an interconnected totality of bodies, and by bodies we 
understand here all material existence extending from 
stars to atoms, indeed right to ether particles, in so 
far as one grants the existence of the last named. ' In 
the fact that these bodies are intercojineeted is already 
included that they react on one another, and it is pre- 
cisely this mutual reaction that constitutes motion. 
It already becomes evident here that matter is un- 
thinkable without motion.® And if, in addition, matter • 
confronts us as something given, equally unereatable as 
indestructible, it follows that motion also is as uh- 
creatable as indestructible. It became impossible to 
reject this conclusion as soon as it was recognised that 
the universe is a system, an interconnection of bodies. 
And since this recognition had been reached by philo- 
sophy long before it came into effective operation irt 
natural smence, it is explicable why phiio-sophy, fully 

* The nijture of many chemical and electrical proceates in the animal 
body is now weil understood. 

• Phyridsts who had not read Engels were, startled by the recent 
discovery that even in the neighbourhood of the absolute zero of heat, 
atonM are still in vigorous intemid motion. 
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two hundred years before natural science, drew the 
conclus^ion of the uncreatability and indestructibility 
of motion. 5iveii the form*in which it did so is stUl 
superior to the present day formulation of natural 
science. Descartes’ principle, that the amount of 
motion present in the universe is always the same, has 
only the formal ‘defect oi^ applying a finite expression to 
an infinite magnj^de. On the other hand, two ex- 
pressions of tlie s^e law are at present current in 
‘natural science : Helmholtz’s law of the conservation 
of force, and the newer, more precise, one of .the cor- 
jiei^ation of ertergy. Of these, the one, as we shall see, 
says the exact opposite of the other, and moreover each 
of them expresses only one side of the relation. 

When two bodies act on each other so that a change 
of place of one or both of them results, this change of 
place can consist only in an approach or a separation. 
They either attract each other or they repel each other. 
Or, as mechanics expresses it, the forces operating 
between them are central, acting along the line joining 
their centres. That this happens, that it is the case 
throughout the universe without exception, however 
, complicated many movements may appear to be, is 
nowadays accepted as a matter of course. It would 
seem nonsensical to us to assume, when two bodies 
act on each other and their mutual interaction is not. 
opposed by any obstacle or the influence of a third body, 
that this action should be effected otherwise thap along 
the shortest and most direct path, i.e. along the straight 
.line joining their centres. It is well known, moreover, 
that Helmholtz {ErhaUung der Kraft [The Conservation 
of Force]|*feeiiin, 1847, Sections 1 and 2) has provided 
the mathmatical proof that central action^ and un- 
alterability of the quantity of motion are reciprocally 
conditioned and that the assumption of other than 
central actions leads to results in which motion could 
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be either created or destroyed. Hence the basic form 
of al> motion is approximation and separatioi^ con- 
traction and expansion— in short, the o^d pplar opposites 
of attraction and repulsion. 

It is expressly to be noted that attraction and repulsion 
are not regarded here as so-called “/orccs ” but as 
simple forms of motion, just a.s.Kant had already con- 
ceived matter as the unity of attrac^^OP and repulsion. 
What is to be understood by the conception of “ forces ” 

• will be shown in due course. 

'All motion consists in the interplay of attraction and 
repulsion. Motion, however, is only possible when each t 
individual attraction is compensated by a corresponding 

• repulsion somewhere else. Otherwise in time one side 
would get the preponderance over the other and then 
motion would finally cease. Hence all attractions and 
all repulsions in the universe must mutually balance one 
another. Thus the law of the indestructibility and un- 
creatibility of motion takes the form that each movement 
of attraction in the universe must have as its complement 
an equivalent movement of repulsion and oice versa', 
or, as ancient philosophy — ^long before the natural 
scientific formulation of the law of conservation of force 
or energy — expressed it : the sum of all attractions in 
the universe is equal to the sum of all repulsions. 

However it appears that there are still two possibilities 
for all motion to cease at some time or other, either by 
repulsion and attraction finally cancelling each other 
out in actual fact, or by the total repulsion finally taking 
possession of one part of matter and the total atoaction . 
of the other part. For the dialectical conception, these 
possibilities are excluded from the outset! TSialectics 
has proved from the results of our experience of iSature 
so far that all polar opposites in general are determined 
by the mutual action of the two opposite poles oh 
one another, that the separation and opposition of these 
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poles exists only within their unity and inter-connection, 

and, conversely, that their inter-connection exists^ only 
in thdr separation and their unity only in their 
opposition. This once established, there can be no 
question of a final cancelling out of repulsion and 
attrRction, or of a final partition between the one form 
of motion in on« half of matter and the other form in the 
other half, consequent!^ there can be no question of 
mutual penetratiOhkor of absolute separation of the two 
poles. It would be equivalent to demanding in the 
first case that the north and south poles of a magnet 
should mutualjy cancel themselves out or, in £he second 
‘case, that dividing a magnet in the middle between the 

• two poles should produce on one side a north half 
without a south pole, and on the other side a south half 
without a north pole. Although, however, the im- 
permissibility of such assumptions follows at once 
from the dialectical nature of polar opposites, neverthe- 
less, thanks to the prevailing metaphysical mode of 
thought of natural scientists, the second assumption 
at least plays a certain part in physical theory. This will 
be dealt mth in its place. 

. How does motion present itself in the interaction of 
attraction and repulsion ? We can best investigate 
this in the separate forms of motion itself. At the end, 
the general aspect of the matter will show itself. 

Let us take the motion of a planet about its central 
body. The ordinary school textbook of astronomy 
follows Newton in explaining the ellipse described as the 
result of the joint action of two forces, the attraction of 

* the central body and a tangential force driving the planet 
along the normal to the direction of this attraction. 
Thus it assumes, besides the form of motion directed 
centrally, also another direction of motion of so-called 

force ” perpendicular to Ihe line joining the ceni^al 
points. Thereby it contradicts the above-mentioned 
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basic law according to which all motion m our universe 
can pnly take place along the line joining the central 
points of the bodies acting <ni one another, or, as ofie says, 
is caused only by centrally acting foirces. Equally, it 
introduces into the theory an element of motion which, 
as we have likewise seen, necessarily leads to the creation 
and destruction of motion, and therefore presupposes a 
creator, \Vhat had to be donet therefore, was to reduce 
this mysterious tangential force torlff form of motion 
acting centrally, and this the Kant-Laplace theory ofr 
c^^smogoi^ accomplished. As is well known, according 
to this conception the whole solar systeijj arose from a^ 
rotating, extremely tenuous, gaseous mass by gradual 
contraction. The rotational motion is obviously 
strongest at the equator of this gaseous sphere, and 
individual gaseous rings separate themselves from the 
mass and clump themselves together into planets, 
planetoids, etc., which revolve round the central body 
in the direction of the original rotation. This rotation 
itself is usually explained from the motion characteristic 
of the individual particles of gas. This motion takes 
place in all directions, but finally an excess in one 
particular direction makes itself evident and so causes 
the rotating motion, which is bound to become stronger 
and stronger with the progressive contraction of the 
gaseous sphere.^ But whatever hypothesis is assumed 
of the origin of the rotation, it abolishes the tangential 
force, dissolving it in a special form of the phenomena 
of centrally acting motion. If the one ele^sent of 
planetary motion, the directly central one, is repre* 
seated by gravitation, the attraction between tfie planet' 
and the central body, then the other tangefttiai element 
appears as a relic, in a derivative or altered form, of 
the original repulsion of the individual particles of the 
gaseous sphere. Then thelife process of a solar system 
presents itself as an interplay of ’ attraction and re- 
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pulsil>ii, in which attractiofl gradually more ana more 
gets the upper hand owing to repulsion being radiated 
into space in the form of h^t and thus more and'more 
becoming los* to .the system. 

One secs at a glance that the form of motion here 
conceived as repulsion is the same as that which modem 
physics terms energy." By the contraction of the 
system and the resulting detachment of the individual 
bodies of which 4^consists to-day, the system has lost 
“ energy,” and indeed this loss, according to Helm- 
holtz’s well-known . calculation,* already amounts to • 
453/454 of the total quantity of motion •originalty 

• present in the*form of repulsion. 

Let us take now a mass in the shape of a body on our 
earth itself. It is connected with the earth by gravita- 
tion, as the earth in turn is with the sun ; but unlike 
the esirth it is incapable of a free planetary motion. It 
can be set in motion only by an impulse from outside, 
aifd even then, as soon as the impulse ceases, its move- 
ment speedily comes to a standstill, w'hether by the 
effect of gravity alone or by the latter in combination 
with the resistance of the medium in which it moves. 
This iiesistance also is in the last resort an effect of 
gravity, in the absence of which the earth w'ould not have 
on its surface any resistant medium, any atmosphere. 
Hence in pure mechanical motion on the earth’s surface 
we are concerned with a situation in which gravitation, 
attraction, decisively predominates, where therefore 
the productiop of the motion .shows both phases : fir.st 
counteracting gravity and then allowing gravity to act — 

• in a wofd, production of rising and falling. 

Thus we have again mutual action betw'een attraction 
on the one hand and a form of motion taking place in 

• 

^ Since Helmholtz’s time the huffc attractive forces between certain 
atomic nuclei have been liiscovcretr. If these are taken into account 
the loss is far less. 
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the of>posite direction to it/ hence a repelling foini of 
motion, on the other hand. But within the sphere of 
terrefstrial pure mechanics j[which deals with masses of 
given states of aggregation and cohe.<iipn taken by it as 
unalterable) this repelling form of motion does not 
occur in nature. The physical and chemical conditions 
under which. a lump of rock becomes separated from a 
mountain top, or a fall of water becomes possible, lie 
outside our sphere. Therefore, ig^ terrestrial pure 
mechanics, the repelling, raising motion must be pro- 
duced artificially : by human force, animal force, ' 
water or steam power, etc. And this circumstance, this 
necessity to combat the natural attractfon artificially,' 
causes the mechanicians to adopt the view that attrac- 
tion, gravitation, or, as they say, the force of gravity, 
is the most important, indeed the basic, form of motion 
in nature. 

When, for instance, a weight is raised and communi- 
cates motion to other bodies b.v falling directly r or 
indirectly, then according to the usual view of mechanics 
it is not the raising of the weight which communicates 
this motion but the force of gravity. Thus Helmholtz, 
for instance, makes “ the force which is the s}mple.st 
and the one with which we are best acquainted, viz. , 
gravity, act as the driving force ... for instance in 
grandfather clocks that are actuated by a weight. Tin- 
weight . . . cannot comply with the pull of gravity 
without setting the whole clockwork in motion.” But 
it cannot set the clockwork in motion without itself 
sinking and it goes tjn sinking until the .string from which 
it hangs is completely unwound : , 

Then the clock comes to a stop, for the operative 
capacity of the weight is exhausted for the time 
being, o Its -weight is not lost or diminished,* it re- 
mains attracted to the „ same extent bv the earth, 
but the capacity of this weight to produce mov'ements 
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has been lost. ... We can, however, wind up the 
clock by the power of the human, arm, whereby the 
weight is once more rai^d up. As soon as*this 
has happeiked,. it regains its previous operative 
capacity and can again Tkeep the ' clock in motion.” 
(Helmholtz, Popular Lectures, German Edition, II, 
pp. 144-5.) 

• 

According to Helmholf!:, therefore, it is not the active 
communication o^iiiption, the raising of the weight, that 
.sets the clock into motion, but the passive heaviness of 
the weight, although this same heaviness is only with- 
drawn from it^ passivity by the raismg, and olice again 
letums to passivity after the string of the weight has 
nnwound. If then according to the modem conception, 
as we saw above, energy is only another expression for 
tepulsion, here in the older Helmholtz conception force 
appears as another expression for the opposite of re- 
pulsion, for attraction. For the time being we shall 
simply put this on record. 

When this process, as far as terrestrial mechanics is 
concerned, has reached its end, when the heavy mass 
has first of all been raised and then again let fall through 
the same height, what becomes of the motion that con- 
stituted it ? For pure mechanics, it has disappeared. 
But we know now that it has by no means been destroyed. 
To a lesser extent it has been converted into the air 
oscillations of sound waves, to a much greater extent 
into heat — ^which has been communicated in part to the 
resisting atmosphere, in part to the falling body itself, 
and finally in part to the fioor, on which the weight 
'comes td rest. ' The clock weight has also gradually 
given up. its .motion in the form of frictional heat tq 
the sepaiA'^e 'driving wheels of the clockwork. /But, 
although usually expressed in this way, it is not the 
falling motion, i.e. the attraation, that has passed into 
heat, and therefore into a fomi of repulsion. On the 
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contrary, as Helmholtz corrSctly remarks, the attraction, 
the heaviness, remains what it previously was and, 
accurately speaking, bec<»nes even greater. IRather 
it is the repulsion communieated to the rtlised body by 
rmsing that is mechanically destroyed by falling and 
reappears as heat. The repulsion of masses is trans- 
formed into molecular repulsion. , 

Heat, as already stated, is & form of repulsion. It 
sets the molecules of solid bodies into««5cillation, thereby 
loosening the connections of the separate molecules , 
until finally the transition to the liquid state takes 
^ace. Ift the liquid state also, on continuetl addition 
of heat, it increases the motion of the molecules until a' 
degree is reached at which the latter split off altogether, 
from the mass and, at a definite velocity determined for 
each molecule by its chemical constitution, they move 
away individually in the free state. With a still further 
addition of heat, this velocity is further increased, and so 
the molecules are more and more reijelled from one 
another. 

But heat is a form of so-called “ energy “ ; here 
once again the latter proves to he identical with 
repulsion. 

In the phenomena of static electricity and magnetism, ' 
we have a polar division of attraction and repulsion. 
Whatever hypothesis may be adopted of the modus 
operandi of these two forms of motion, in view of the 
facts no one has any doubt that attraction and repulsion, 
in so far as they are produced by static electricity or 
magnetism and are able to develop unhindered, com- 
pletely compensate one another, as in 'fact necessarily' 
follows from the very nature of the polar, division. 
Two" poles whose .activities did not completely com- 
pensate tf'aeh other would indeed not be poIc.s, and also 
have so far not been dissovered in nature. For the 
time being we ■will leave galvanism out of account, 
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because in its case the process is determined by chemical 
reactiojis, which makes it more complicated. There- 
fore, let us investigate rather the chemical processes of 
motion themselves. 

^ When two parts by weight of hydrogen combine with 
15*96 parts by Aveight of oxygen to form water vapour, 
an amount of Jieat of 68,924 heat units is developed 
during the process^^ Conversely, if 17*96 parts by weight 
of water vapour are to be decomposed into 2 parts by 
' weight of hydrogen and 15*96 parts by weight of oxygen, 
this is only possible on condition that the water vapour 
•has commimicflted to it an amount of motion equivalent 
to 68,924 heat units — ^whether in the form of heat itself 
or of electrical motion. The same thing holds for all 
other chemical processes. In the overwhelming majority 
of cases, motion is given off on combination and must 
be supplied on decomposition. Here, too, as a rule, 
repulsion is the active side of the process more endowed 
with motion or requiring the addition of motion, while 
attraction is the passive side producing a surplus of 
motion and giving off motion. On this account, the 
modern theory also declares that, on the whole, energy 
is set free on the combination of elements and is bound 
up on decomposition. And Helmholtz declares : 

“ This force (chemical aiiinity) can be conceived 
as a force of attraction. . . . Ihis force of attraction 
• between the atoms of carbon and oxygen performs 
work quite ^ riiuch as that exerted on a raised weight 
by the earth in the form of gravitation. . . . WTiien 
carbon and oxygen atoms rush at one another and 
combine to form carbonic acid,i the newly-formed 
particles of carbonic acid must be in very violent 
molecular motion, i.e. in heat motion. . . . When 
later they have given up their heat to th^ environ- 
ment, Ave still have in the carbonic acid all the carbon, 

^ Now usually called carbon dioxide* 
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all tho oxygc-H, and in addition the aJHnity of both 
continuing to exist just as powerfully as before. But 
this affinity now expresses itself solely m the fact that 
the atoms of carbon and oxygen 'stick fast to one 
another, and do not allow of their being separated " 
(Helmholtz, loc. cH., p. 

It is just as before : Hclmholti^f insists fhat in chemistry 
as in mechanics force consists onl^in attraction, and 
therefore is the exact opposite of wlmt other i)hysicists 
call energy and which is identical with repuhsion. 

-r. Hence, we have now no longer the two simple basic 
forms of attraction and repulsion, but ar whole series of 
sub-forms in w'hich the winding up and running dcjwn 
process of universal motion goes on in opposition t<> 
both attraction and repulsion. It is, however, by no 
means merely in our mind that these manifold forms of 
appearance are comprehended under the single ex- 
pression of motion. On the contrary, they themselves 
prove in action that they are forms of one and the same 
motion by passing into one another under given condi- 
tions. Mechanical motion of m&sscs passes into heat, 
into electricity, into magnetism ; heat and electricity 
pass into chemical decomposition ; chemical combination 
in turn develops heat and electricity and, by means 
of the latter, magnetism ; and finally, heat and electricity 
produce once more mechanical movement of masses. 
Moreover, these changes take place in such a way that a 
given quantity of motion of one ,form always has 
corresponding to it an exactly fixed quantity of another 
form. Further, it is a matter of indiffereiv:e which, 
form of motion provides the unit by which the amount 
of motion is measured, whether it serves foJ' measur- 
ing masg motion, heat, so-called eleetromotivcr force, 
or the motion undergoing transformation in chemical 
processes. . 

We base ourselves here on the theory of the “ conserva- 
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tion of energy ” established by J. R. Mayer • in 1842 
and aQ:erwards worked out internationally with %uch 
brilliant success, .and we have now to investigate the 
fundamental concepts nowadays made use of by this 
theory. These are the concepts of “ force,”' “ energy,” 
and “ work.” 

It has been sh^|iyn above that according to the modern 
view, now fairly g^erally accepted, energy is the term 
used for repulsion, while Helmholtz generally uses the 
"word force to express attraction. One could regard this 
as a mere distinction of form, inasmuch as attractiow- 
<and repulsion Compensate each other in the universe, 
and acpordingly it would appear a matter of indifference 
which side of the relation is taken as positive and which 
as negative. Just as it is of no importance in itself 
whether the positive abscissa are counted to the tight 
or the left of a point in a given line. Nevertheless, this 
is not absolutely so. 

For we are concerned here, first of all, not with the 
universe, but with phenomena occurring on the earth 

1 Helmholtz, in his Pop, VorUsungen [Popvlar I^etufes\t II, p. 113, 
appears to ascribe a certain share in the natural scientific proof of 
liescartes* principle of the quantitative immutability of motion to 
, himself as well as to Mayer, Joule, and Colding. “ I myself, without 
knowing anything of Mayer and Colding, and only becoming acquainted 
with Joule^s experiments at the end of my work, proceeded along the 
same path ; 1 occupied myself especially with searching out all the 
relations between the various processes of nature that could be deduced 
from the given mode of consideration, and I published my invesiigatimis 
in 1847 in a little work entitled Vher die Mrhaltung der Kraft [On the 
Conservation of JPorce].” — Butin this work there is to be found nothing 
new for the position In 1847 beyond the above-mentioned, mathe- 
matically very valuable, development that “ conservation of force ” and 
central action of the forces active between the various bodies of a system 
4ire only two different expressions for ihe same thing, and further a 
more accurate formulation of the law that the sum of the live 
and tensior^l forces in a given mechanical system is constant. In 
every other respect it was already superseded since Mayer’s second 
paper o£»I845. Already in 1842 Mayer maintained the indestructi- 
bility of force,” and from his new standpoint in 1845 heehad much 
more brilliant things to say about the ** relations between the various 
processes of nature ” than Helmholtz Had in 1847. [Note by P, Engels,] 

♦ “ Live force ” or ms viva is now termed kinetic energy, and “ tensional 
force ” potential energy. 
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and conditioned by the exact position of the earth in 
the solar system, and of the solar system in the universe. 
At every moment, however* our solar system pves out 
enormous quantities of motion into space, and motion 
of a very definite quality, viz. the sun’s heat, i.e. re- 
pulsion. i But our earth itself allows of the existence 
of life on it only owing to the spn’s heat", and it in turn 
finally radiates into space the sun’s h^ received, after it 
has converted a portion of this heat ^o other forms of 
motion. Consequently, in the solar system and’ above 
all on the earth, attraction already considerably pre- 
ponderates over repulsion. Without *thc repulsive 
motion radiated to us from the* sun, all motion on the 
earth would cease. If to-morrow the sun were to 
become cold, the attraction on the earth would still, 
other circumstances remaining the same, be what it is 
to-day. As before, a stone of 100 kilogrammes, wherever 
situated, would weigh 100 kilogrammes. But the 
motion, both of masses and of molecules and atoms, 
would come to what we would regard as an absolute 
standstill. Therefore it is clear that for processes 
occurring on the earth to-day it is bv no means a matter 
of indifference whether attraction or repulsion is con- 
ceived as the active side of motion, hence as “ force ” 
or “energy.” On the contrary, on the earth to-day 
attraction has already become altogether passive owing 
to its decisive preponderance over repulsion ; we owe 
all active motion to the supply of repulsion from the 
sun. Therefore, the modern school — even if it remains 
unclear about the nature of the relation constituting 
motion— nevertheless, in point of fact and for terrestrial 
processes, indeed for the whole s»)Iar system, "is abso- 
lutely rigbt in conceiving energy as repulsion. 

* Again Engels was ahead of his time. It was only in 1900 that nidiwit 
heat and light were shown by Lebedcff to exen'isc rrpulsiou on the iMMikw 
emitting, absorbing, or reilcttting them. 
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The expression. “ energy ” by no means correctly 
expresses all the relationships of motion, for it compre- 
hends only one aspect, the action but not the reaction. It 
still makes it appear as if “ energy ” was something ex- 
ternal to matter, something implanted in it. But in all cir- 
cumstances it is to be preferred to the expression “ force.” 

* As conceded oir all hands (from Hegel to Helmholtz), 
the notion of force is derived from the activity of the 
human organism ^hin its environment. We speak 
. of muscular force, of the lifting force of the arm, of the' 
leaping power of the legs, of the digestive force of the^ 
sj^omach and intestinal canal, of the sensory torce of 
the nerves, of the secretory force of the glands, etc. 
In other words, in order to save having to give the real 
cause of a change brought about, by a function of our 
organism, we fabricate a fictitious cause, a so-called 
force corresponding to the change. Then we carry this 
convenient method over to the external world also, and so 
invent as many forces as there are dii'crse phenomena. \ 
In Hegel’s time natural science (with the exception 
perhaps of heavenly and terrestrial mechanics) was 
still in this naive state, and Hegel quite correctly attacks 
the prevailing way of .denoting forces (passage to be 
quoted).* Similarly in another passage : 

“ It is better (to say) that a magnet has a Soul (as 
Thales expresses it) than that it has an attracting force ; 
force is a kind of property which is separable from 
matter and put forward as a predicate — ^\vhile soul, 
on the other.hand, is its movement, identical with the 
nature of matter.” {Gesckichte der Philosophic [History 
• of Philosophy], I, p. 208.) 

To-day «wc no longer make it so easy for ourselves in 
regard io forces. Let us listen to Helmholtz : 

I Nowadays t!iis tendency has been reversed* No oine but an 
extreme vitalist would speak of a secretory force in a gland* The 
saliva* for example, appears to be separated from the blood by forces 
which are essentially electrical. » Sec Appendix 11, p. 3:11 . 
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“ If we are fully acquainted with a natural law, 
wi! must also demand that it should operate without 
exception. . . . Thus tlie law confronts us as an 
objective power, and accordingly we term it a force. 
For instance, we objectivise the law of the refraction 
of light as a refractive power of transparent sub- 
stances, the law' of chemical affinities as a force of 
affinity of the various sulwtances for one another. 
Thus we speak of the electrical ^rce of contact of 
metals, of the force of adhesion, ''^pillary force, and 
so on. These names objectivise laws which in the' 
first place embrace only a limited scries of natural 
processes, the conditions for vckich /ire still rather 
complicated. . . . Foret; is only the objectivised law* 
of action. . . . Tht; abstract idea of force introduced 
by us only makes the addition that we have not 
arbitrarily invented this law but that it is a com- 
pulsory law' of phenomena. Hence our demand to 
understand the phenomena of nature, i.e. to find out 
their kews, takes on another form of expressipn, 
viz. that we have to seek out the forces which are 
the causes of the phenomena.” {Loc. cit., pp. 189- 
191. Innsbruck lecture of 1869.) 

Firstly, it is certainly a peculiar manner of “ objecti- 
vising” if the purely subjective notion of force is introduced 
into a natural law' that has already been established as 
independent of our subjectivity and therefore com- 
pletely objective. At most an Old-Hegelian of the 
strictest type might permit himself such a thing, but not 
a Neo-Kantian like Helmholtz. Neither the law', when 
once established, nor its objectivity, nor that of its 
action, acquires the slightest new’ objectivity, by our. 
interpolating a force into it ; what is added is our 
subjective assertion that it acts in virtue ot' sofiie so far 
entirely pnknown force. The secret meaning,'' how’- 
ever, of this interpolating is seen as soon as Helmholtz 
gives us examples : refraction of light, chemical affinity, 
contact electricity, adhesion, capillarity, and confers 



on the laws that govern these phenomena th(t objective'* 
honorary rank of forces. These names objectiyise 
laws which in ^the^ first plac^ embrace only a limited 
series of natural processes, the conditions for 'vraich 
are still rather complicated J"'" And it is just here that the 
objectivising,” which is rather subjectivising, gets its 
meaning ; not be*cause we^have become fully acquainted 
with the law, but just because this not the case. Just 
because we are no/yet clear about the “ rather compli- 
cated conditions ” of these phenomena, we often resort 
here to the word force. We express thereby not our 
scientific knowl'wige, but our lack of scientific knowledge 
of the nature of the law and its mode of action. In this 
sense, as a short expression for a causal connection that 
has not yet been explained, as a makeshift expression, it 
may pass for current usage. Anything more than that 
is bad. With just as much right as Helmholtz explains 
physical phenomena from so-called refractive force, 
electrical force of contact, etc., the mediaeval scholastics 
explained temperature changes by means of a vis caloric 
fica and a vis frigifaciens and thus saved themselves all 
further investigation of heat phenomena. 

^ And even in this sense it is one-sided, for it expresses 
everything in a one-sided manner. All natural processes 
are two-sided, they rest on the relation of at least two 
effective parts, action and reaction. The notion of 
force, however, owing to its origin from the action of 
the human organism on the external world, and further 
because of teitcstrial mechanics, implies that only one 
^part is g,ctive, effective, the other part being passive, 
receptive ; hence it lays down a not yet demonstrable 
extension of the difference between the sexes to non- 
living* objects. The reaction of the second part, on 
which the force works, appears at most as ^ passive 
reaction, as a resistance. This mode of conception is 
permissible in a number of fields even outside pure 
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mechanics, namely where it is a matter of the simple 
transference of.motion and its quantitative calculation. 
Blit already in the more complicatcti phrysical processes 
it is no longer adequate, as Helmholtz’s own examples 
prove. The refractive force lies just as much in the 
light itself as in the tran.sparent bodies. Jn the case of 
adhc.sion and capillarity, it is„certain that the “ force ” 
is just as njuch situated in the surfage of the solid as in 
the liquid. In contact electricity, at any rate, it is 
certain that both metals contribute to it, and “ chemical 
..affinity ” also is situated, if anywhere, in both the parts 
entering into combination. But a force which consists 
of .separated forces, an action which doc.s not evoke 
its reaction, but which c.xists solely by itself, is no force 
in the sense of terrestrial mechanics, the only science in 
which one really knows what is meant by a force. 
For the basic conditions of terrestrial mechanics are, 
fir-stly, refusal to investigate the causes of the impulse, 
•/.<?. the ’nature of the parti<nilar force, and, secondly, 
the view of the one-sidedness of the force, it l)eing 
everywhere opposed by an identical gravitational 
force, such that in compari.son with any terr(‘strial 
distance of fall the earth’s radius = x . 

. Hut let us .see further how Helmholtz “ objcctivises ’’ 
Ills “ forces ” into natural laws. 

In a lecture of 18.54 {loc. ciL, p. 110) he examines the 
“ store of working force ” * originally contained in the 
nebular sphere from w’hieh our solar system was formed. 
“ In point of fact it received an enormously large legacy 
in this rc.spcct, if only in the form^f the general force 
of attraction of all its parts for one another.” This 
indubitably is so. But it is etiually indubftabfe that the 
whole of this legacy of gravitation is present undinlinishcd 
in the solar system to-day, apart perhaps from the 
minute quantity that was'lost together with the matter 
^ \Vc should now call this potential enei^. 
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which was flung out, possiBly irrevocably, into s|face. 
Further, Tlie chemical forces too must have been 
already • present and ready ^ to act ; but as thtse 
forces could bceome effective only on intimate contact 
of the various kinds of masses, condensation had to 
take place before they came into play.” If, as Helmholtz 
I does above, wc :^egard these chemical forces as forces 
of affinity, hence as atiracivon, then again wo are bound to 
say that the sum-t^|}l of these chemical forces of attrac- 
tion still exists imdiminishcd within the solar system. 

liut on the same page Helmholtz givesns the results 
of his^ calculations that perhaps only the 451th part^ 
df the original mechanical force c‘xists as such ’’--that 
i;^ to say, in the solar syst(‘m. How is one to make 
sense of that ? The force of attraction, general as well 
as chemical, is still i)rescnt unimpaired in the solar 
system. Helmholtz does not mention any other certain 
source of force. In any case, according to Helmholtz, 
thefe forces have performed tremendous work. But 
they have neither increased nor diminished on that 
account. As it is with the clock weight mentioiu'd 
above, so it is with every molecule in the solar system 
and with the solar system itself. Its gravitation is 
mcither lost nor diminished.” What happens to carbon 
and oxygen as previously mentioned Iiolds good for all 
chemical elements : the total given quantity of each one 
remains, and " the total force of affinity continues to 
exist just as powerfully as before.'" What have w'c lost 
then? And w^hat force ” has performed the tre* 
mendous work winch is 453 times as big as that which, 
according to his calculation, the solar system is still 
able to perforpi ? T"^p to this point H(imholtz has given 
no answer. But further on Ju* says ; , 

" Whetlu‘r a further reneiTe /V/ Uh* ^ihaye of heal 

was present, we do not knqw'.”— But. if we may be 
allowed to mention it, heat is a r<‘pulsiye force,'' it 
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acts therefore against thd direction of both gravitation 
and chemical attraction, being minus if these are put as 
plus. Hence if, according to Helmholtz, the original 
store of force is composed of gcjrera? and chemical 
attraction, an e.xtra rc'serve of heat would have to be, 
not added to that reserve of force, but subtracted from 
it. Otherwise the sun’s heat would havf? had to strengthen ‘■ 
the force of attraction of the Cbrth when it causes water 
to evaporate in direct opposition tg»*his attraction, and 
the water vapour to rise ; or the heat of an incandescent 
iron tube through which steam is pas’sed would strengthen 
•the chemical attraction of oxygen and water, whereas 
it puts it out of action. Or, to make the same thin|; 
clear in another form : let us assunit* that the nebular 
sphere with radius r, and therefore with volume fjrrS, 
has a temperature t. Let us further assume a second 
nebular sphere of equal mass having at the higher 
temperature T the larger radius R and volume Iwr^, 
Now it is obvious that in the second nebular sphere'the 
attraction, mechanical as well as physical and chemical, 
caa act with the same force as in the first only when it 
has shrunk from radius R to radius r, i.e. when it has 
radiated into w'orld space heat corresponding to the 
temperature difference T — t. A hotter nebular sphere' 
will therefore condense later than a colder one ; conse- 
quently the heat, considered from Helmholtz’s standpoint 
as an obstacle to Condensation, is no plus blit a minus 
of the “ reserve of force.” Helmholtz, by pre-supposing 
the possibility of a quantum of repui%ii% motion in the 
form of heat becoming added to the attractive forms of 
motion and increasing the total of these latter, '‘commits' 
a definite error of calculation. 

Let us now bring the whole of this ” reserve or/orc<‘, " 
possible *as well as demonstrable, under the same 
mathematical sign so that an addition is possible. Since 
for the time being wc cannot reverse the heat and re- 
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place its repulsion by the ei^ui^alent attrsCfction, we fshall 
have to perform this reversal with the two forms of 
attraction. Then, instead of the general force, of 
attraction, instfad^of the cheihical affinity, and instead 
of the heat, which moreover possibly already exists as 
such at the outset, we have simply to put — ^the sum 
of the repulsive motion or so-called energy present in the 
gaseous sphere al the moment when it becomes ind(;- 
pendent. And by so doing Helmholtz’s calculation will 
also hold, in whichlie wants to calculate “ the heating 
that must arise from the assumed initial condensation 
of the heavenly bodies of our system from nebulously^ 
scattered mattew?’ By thus reducing the whole “ reserve 
of force ” to heat, repulsion, he also makes it possible 
£b add on the assumed “ heat reserve force.” The 
calculation then asserts that 458/454 of all the energy, 
i.e. repulsion, originally present in the gaseous sphere has 
b€en radiated into space in the form of heat, or, to put it 
accurately, that the sum of all attraction in the present 
solar system is to the sum of all repulsion, still present 
in the same, as 453 : 1. But then it directly contra- 
dicts the text of the lecture to which it is added as proof. 

If then the notion of force, even in the case of a 
^physicist like Helmholtz, gives rise to such confusion of 
ideas, this is the best proof that it is in general not 
susceptible of scientific use in all branches of investiga-. 
tion which go beyond the calculations of mechanics, 
in mechanics the causes of motion are taken as ^ven 
and their origin i% disregarded, only their effects being 
taken into acdbunt. Hence if a cause of motion is 
termed force, this does no damage to mechanics as 
such ; but it becomes the custom to transfer this term 
also to t)hysics, chemistry, and biology, and then 
confuston is inevitable. We have already seen this and 
shall frequently see it again. * 

For the concept of work, see the next chapter. 
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THE MEASURE OF MOTION— WORK' 

c 

“ On the other hand, I l?iave always found hitherto 
that the basic concepts in this field (i.e. “the basic 
physical concepts of work and ffleir unaltcrability ”) 
seem very difficult to grasp for persons who have not 
gone through the school of mathematical mechanics, 
in spite of all zeal, all intelligence, g^nd even a fairly 
high degree of scientific knowledge. Moreover, it 
cannot be denied that they arc abstractions of a quite 
peculiar kind. It was not without difliculty that 
even such an intellect as that of I. Kant succeeded in 
understanding them, as is proved by his polemic 
against Leibniz on this subject.” 

So says Helmholtz (Pop. mss. Vortr&ge [Popular 
Scientific Lectures], II, Preface). 

According to this, we are venturing no^y into a very 
dangerous field, the more so since we cannot very well 
take the liberty of guiding the reader “ through the 
school of mathematical mechanics.” Perhaps, however^ 
it will turn out that, where it is a question of concepts, 
dialectical thinking will carry us at least as far as 
mathematical calculation. 

Galileo discovered, on the one hand, the law of falling, 
according to which the distances traversed by falling 
bodies are proportional to the squares o^ the times taken 
in falling. On the other hand, as wc shall soe, he put 

* In the physics of the last fifty years the notion of force has Iwconic 
rather unimportant as compared .with that of eneryty. Hence u good 
deal of this chapter, while important at the time when it wipi written, 
is nowaday's less so. This does not, of course, diminish its interest us u 
penctratiiu criticism of nineteenth-century physics. Indeed, we shull 
see that Sngels pointed out scene of the fines along whU-h pliysies 
actually ndvanecd. 

30 
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forward the not quite compatiUle law that the magnilude 
of motion of a body (its impeto or momento) is determined 
by the ftiass and the velocitji in such a way that *for. 
constant mass* it ’ is proportional to the velocity. 
Descartes adopted this latter law and made the product 
of the mass and the velocity of the moving body quite 
generally into the. measure of its motion. 

Huyghens had already found that, on elastic impact, 
the sum of the prodacts of the masses, multiplied by the 
squares of their velocities, remains the same before and 
after impact, and that an analogous law holds good in 
various other ca§ps of motion to a system of connected"^ 
bodies. 

• Leibniz was the first to realise that the Cartesian 
measure of motion was in contradiction to the law of 
falling. On the other hand, it could not be denied that 
in many cases the Cartesian measure was correct. 
Accordingly, Leibniz divided moving forces into dead 
forces and live forces. i The dead were the “ pushes ” 

» In a system of moving bodies certain quantities remain constant 
provided the system is not acted on from outside and does not act 
on outside bodies, (Of course no real system is completely isolated.) 
These quantities include its mass, and seven others which depend 
on the motions of the bodies. One of these is the energy of the system. 
*It consists of two parts, namely that due to the actual motion of bodies 
whether visible (ordinary motion) or too small to be seen (heat), and 
that due to the fact that the bodies may acquire more motion if their 
mutual repulsion or attraction is allowed to do work on them. These 
ate called kinetic and potential energj% . For example, a falling bomb 
has kinetic energy depending on its actual speed, and potential energy 
due both to Its height above the earth, which enables it to gam more 
speed, and to the fact wlicn it explodes the atoms in its charge of 
explosives will re-airange thcmseh'cs, and thus put its parts into violent 
motion. The kinetic Cinergy of a moving body' is proportional to its 
mnm and the square of its velocity. 

Besides this the amount of monientum in the system remains eonstaiit . 
Momehtum is proportional to mass multiplied by velocity, a 

direction, which biust be spceilkd before it is measured. Thus if a 
one-ton lorrv moving south at 20 in.p.h. has +20 units of momentum, 
a similarlorry* moving north at the same siK*e<l has -20 um^, whereas 
energy is essentialiy iwsitive, and two energies cannot mcel out. 

If the lorries collide thev come to rest, ana the total momentum is zero 
as lieforc. But their energy is mostly wmverted into heat and sound. 
Momentum must be measured in three directions at nght'»angles. 



58 


Of ALECTICS , of ‘ NATURE 

or “ pulls ” of resting 'bodies, and their measure the 
product of the mass and the velocity with which the 
body would move if it were to pass from a state of rest 
to one of motion. On the other hand, he put forward 
as the measure of ms viva, of the real motion of a body, 
the product of the mass and the square of the velocity. 
This new measure of motion he derived directly fronl 
the law of falling. 

“ The same force is required, ' so JLeibniz concluded, 

“ to raise a body of four pounds in weight one foot as 
to raise a body of one pound in weight four feet ; but 
the'distanees are proportional to,fhe square of ^he ' 
velocity, for when a body has fallen four feet, it 
attains twice the velocity reached on falling only one 
foot. However, bodies on falling acquire the force 
for rising to the same height as that from which they 
fell ; hence the forces arc proportional to the square 
of the velocity.” (Suter, Geschichte der Mathemaiih 
[History of Mathematics], II, p. 867.) 

But he showed further that the measure of motion 
mv is in contradiction to the Cartesian law of the 
constancy of the quantity of motion, for if it was really 

e.g. south, east, and up. If so, momentum in each direction is conserved, 
that is to say remains constant in the system as a wIkiIc, " 

Insides this, moment of momentum, also called angular momentum, 
which may be regarded as a measure of spin, U conserved. This again ‘ 
must be measured about axes in three directions at right-angles to one 
another. Engels is not concerned with angular momentum in this 
chapter. 

Now Descartes recognised the law of the conservation of momentum 
in certain cases, while Leibniz saw that in tjie absence of Motion the 
sum of i^tential and kinetic eneigies remained constant. 

^ibnk’s manure of kinetic energy was mv\ a quantity which he 
^lled the ^lej^ndlge Kraft” or *‘Uvc force” Tl# was called 
imi moa by English writers, and will be so translatedftere. It has, 
of course, nothing to do with the so-called vital force ” In living 
creatures, which has never been oliscrved, much less measured. 

Of the seven quantities which remain constant in a mo>dni£ system, 
only enemy can be regarded as a measure of motion, not only for the 
reMons given by Engels, but because the other six have directions, and 
indeed am only known when^he directions are known. Whereas a 
measure is directionless, as for example a foot northwards is equal to 
a foot southward s. 
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valid the force {i.e. the quantity of motion) in nature 
would continually increase or diminish. He even 
devised an apparatus ( 1690 , ^cta Eruditorum) which, 
if the measure mv were correct, would be bound to act as 
a perpetuum mobile with continual gain of force, which, 
however, would be absurd. Recently, Helmholtz has 
'again frequently eJnploycd,this kind of argument. 

The Cartesians protested with might and main and 
there developed a iSmous controversy lasting many 
■years, in which Kant also participated in his very first 
work {Gedanken von der wahrcn Schdtzung der lebepdigen 
Kt&fie [Thoughts wi the True Estimation of Live Forces], 
1746 ), without, however, seeing clearly into the matter. 
Mathematicians to-day look down with a certain amoimt 
of scorn on this “ barren ” controversy which “ dragged 
out for more than forty years and divided the mathe- 
maticians of Europe into two hostile camps, until at 
last d’Alembert by his Traitd de dynamique ( 1748 ), as it 
were by a final verdict, put an end to the useless verbal 
dispute, for it was nothing else.” (Suter, ibid., p. 866.) 

It would,, however, seem that a controversy could not 
rest entirely on a useless verbal dispute when it had been 
initiated by a Leibniz against a Descartes, and had 
occupied a man like Kant to such an extent that he 
devoted to it his first work, a fairly large volume. And 
in point of fact, how is it to be understood that motion 
has two contradictory measmes, that, on one occasion 
it is proportional to the velocity, and on another to 
the square of the Velocity ? Suter makes it very easy for 
hijnself ; ho says both sides were right and both were 
wrong; “nevertheless, the expression ‘uis viva’ has 
endured up*to the present day ; only it no longer serves 
as the measure of force, but is merely a term th^t was 
once adopted for the product of the mass and half the 
square of the velocity, a product so full of signifi<^ce 
in mechani<».” Hence, mv remains the measure of 
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motion, and vis viva is only another expression for 

r ^ 

concerning which formula we learn indeed that it is of 
great significance for mechanics, but 'now most certainly 
do not knoiv what significance it has. 

Let us, however, take up the salvation-brifiging 
Traits de dynamiqiie and look more closely atd’Alembcrt’s 
“ final verdict ” ; it is to be* found in the preface. In 
the text, it says, the whole questicJh does not occur, on 
account of Vinutilite parfaite dont elle est pour la 
mecanique.^ This is quite correct for purely mathc- 
maficar mechanics, in which, as in ii>c case of Suter 
above, words used as designations are only qther ex- 
pressions, or names, for algebraic formula;, names hi 
connection with which it is best not to think at all. 
Nevertheless, since such important people have concerned 
themselves with the matter, he desires to examine it 
briefly in the preface. Clearness of thought demanj:ls 
that by the force of moving bodies one should understand 
only their property of overcoming obstacles or resisting 
them. Hence, force is to, be measured neither by nir 
nor by mv^, but solely by the obstacles and the resistance 
they offer. 

Now, there are, he says, three kinds of obstacles 
(1) insuperable obstacles which totally destroy the 
motion, and for that %’ery reason eannot be taken into 
account here ; (2) obstacles whose resistance suffices to 
arrest the motion and to do so instantaneously : the 
case of equilibrium ; (8) obstacles which only gradually 
arrest the motion : the case of retarded motion. 

C * 

“ Or tout le mondc convient qu’il y a 4quilibre entre 
deux corps, quand les produits dc leu'rs masses par 
leurs vitesses virtuelles, e’est k dire par les ^dtesses 
avec lesquclles ils tendciit & sc mouvoir, sont ^gaux 
de part et d’autre. Done dans l’6quilibrc le produit 
» Its absolute uselessness for mechanics. 
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(le la masse par la vitesse, o*u,*ce qui est la’ mime cht)se, 
la quantity de mouvement, peut reprlsenter la force. 
Tout le monde convient aussi que dans le mouvemont 
retard!, le no^bre des obstafiles vaincus est comme le 
carr! de la vitesse, en sorte qu’un corps qui a ferm! 
un ressort, par exemple, avec une certaine vitesse, 
pourra, avec une vitesse double, former ou tout a la 
fois, ou succesavement, non pas deux, mais quatre 
ressorts semblables au premier, neuf avec une vitesse 
triple, et ainsi d^ reste. D’oii Ics partisans des 
forces vive,s [the Leibnizians] concluent que la force 
des corps qui se meuvent actuellement, est cn general 
comme le produit de la masse par le carr! do la vitesse. 
,Au fond, queWnconvenient pourrait-il y avoir, a ce^ 
que la mesure des forces fut diffdrente dans I’dquilibre 
• et dans le mouvement retard!, puisque, si on veut ne 
raisonner que d’aprls des idles claims, on doit n’enten- 
dre par le mot force que I’effct produit en -surmontant 
Tobstaele ou en lui resistant ? ” (Preface, pp. 19-20, 
of the original edition.) i 

D’Alembert, however, is far too much of a philosopher 
not to realise that the contradiction of a twofold measure 
of one and the same force is not to be got over so easily. 
Therefore, after repeating what is basically only the 
same thing as Leibniz had already said — for his 
equilibre is precisely the same thing as the “ dead 

' “ Everyone will that two bodies arc* in equilibrium when the 
products of their nnisses and virtual vel(x*itie.s, that is to say the veloci- 
ties with whkii they tend to move, are equal for each body' Hcnee» in 
e<iuilibrium the product of the mujis and the velocity, or, w'hat is the 
same thing, the quantity of motion, can represent the force. Ever\’- 
one will agree alsr^ that in retarde<l motion the number f)f obstac’les 
overcome is as the square of the velocity, such that, for instance, a 
IwKiy whicrh has <*ompressed a spring, with a certain velocity, could, 
tvitli twice ^he vehxity, compress simultaneously or sueccssfvely not 
two* but four, springs similar to the first, or nine with triple the velocity, 
and so 'on. •Whence the partisans of ri.v viva (the Leibni'/iuns) conclude 
that the force of bodies actually in motion is in general the product of 
the maiiS and the .square of the velocity. Basically, what incon- 
venience could there 1 k» in forces being measured different K* in equili- 
brium and in retarded motion .since, if one wants to use only clear views 
^in reasoning* one should understand *liy the word force only the effect 
produced in surmounting the obstacle or resisting it t ” 



C2 JJlALECTIt-'S Ol^tSKATURJ^ 

pressure ” of Leibniz — hs suddenly goes over to' the side 
of the Cartesians and finds the following expedient : 
the product mo can serve as a measure of force, even 
in the case of delayed motion, - *■ 

“ si dans ce dernier cas on mesure la force, non par la 
quantity absolue des obstacles, nmis par la somme des^ 
resistances de ces memes obsttCbles. Car on ne”^ 
saurait douter que cette '^somme des resistances ne 
soit proportionelle a la quantity du mouvement mv, 
puisque, de I’aveu do tout le mondc, la quantity du 
mouvement que le corps perd & chaque instant, est 
propprtionelle au produit de la rdsistance par la dur^e 
infiniment petite de I’instant, et quC la somme de ces 
produits est evidemment la resistance totalc.”* 

This latter mode of calculation seems to him the more 
natural one, “ car un obstacle n’est tel qu’en tant qu’il 
resistc et c’est, a proprcment parlor, la somme des 
resistances qui est I’obstacle vaincu ; d’ailleurs, en 
estimant ainsi la force, on a I’avantage d’avoir pour 
T^uilibre et pour le mouvement retard^ une mesure 
commune.” ^ Still, everyone can take that as he likes. 
And so, believing he has solved the question, by 
what, as Suter himself acknowledges, is a mathematical 
blunder, he concludes with unkind remarks on the 
confusion reigning among his predecessors, and asserts 
that after the above remarks there is possible only a 

^ If in this last case the force is measured, not by the absolute 
quantity of obstacles, but by the sum“ of the distances of these same 
obstacles. For it could not be doubted that this stim of the resistanees 
would be proportional to the quantity of motion (me), since, by general 
agreement, the <iuantity of motion lost by the bo<ly at earr^h instant is 
proportional to the product of the resistance and the infinitely small 
duration of the instant, and the sum of these products cv|(icntly makes 
up the total resist ance/’ 

* For an obstacle is only su<?h in as much ns it offers resistance, and, 
properly ^*aking, it is the surTi of the resistances that constitutes the 
obstacle overcome ; moreover, in estimating the force in this way, one 
has the advantage <if having a <?u?nmon measure for the equilibrium and 
for the retarded motion.'’ 



THE MeASUKEA)!; MOTION-^WORK 68 

very futile metaphysical disctlssion or a* stiU more 
discreditable purely verbal dispute. 

D’Alembert’s proposal for r^^ching a reconciliation 
amounts to the fallowing calculation ; 

A mass 1, with velocity 1, compresses 1 spring in unit 
time. 

• A mass 1, with velocity 2, compresses 4 springs, but 
requires two units of time ? i.e. only 2 springs per unit 
of time. ^ 

A mass 1, with velocity 8, compresses 9 springs in 
three units of time, i.e. only 8 springs per unit of 
, time. , • 

Hence if we diviSe the effect by the time required for 
, it, .we again come from mr® to mv. 

This is the same argument that Catelan in particular 
had already employed against Leibniz ; it is true that 
a body with velocity 2 rises against gravity four times 
as high as one with velocity 1, but it requires double the 
time for it ; consequently the quantity of motion must 
be divided by the time, and =2, not =4. Curiously 
enough, this is also Suter’s view, who indeed deprived 
the expression “ vis viva ” of all logical meaning and 
left it only a mathematical one. But this is natural. 
R)r Suter it is a question of saving the formula mv 
in its significance . as sole measure of the quantity of 
motion ; hence logically mv^ is sacrificed in order to 
arise again transfigured in the heaven of mathematics. 

However, this much is correct: Catalan’s argument 
provides one of t|je Bridges connecting mv with mv^, and 
so is of importance. ■ 

The mcdhanicians subsequent to d’Alembert by no 
means accepted his verdict, for his final verdict was. 
indeed in^favour of mv as the measure of motion. They 
adhered to his expression of the distinction n which 
H^bniz had already made between dead and live forces : 

, />«> is valid for equilibrium, Le^ for sfeitics ; me® is valid 
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for motion against resisJtance, i.e. for dynamics. Al- 
though on the whole correct, the distinction in this form 
has, however, logically^ no more meaning than the 
famous pronouncement of the junior Officer : on duty 
always “ to me,” off duty always “ me.” It is accepted 
tacitly, it just exists. W(‘ cannot alter it, and if a 
contradiction lurks in this doul>k^ me^isure, how can we- 
help it ? " . 

Thus, for instance, Thomson and Tait say (./ Treatise 
on Natural Philosophy, ().xford, 1807, p. 102) ; “ The 
quantity of motion or the momentum of a rigid body 
moving without r()tation is proportional to its mass 
and velocity conjointly. Double mass or double 
velocity would correspond to double (puintity of 
motion.” And immediately below that they sa\' : ” I'he 
vis viva or kinetic enerffy of a moving body is pro- 
portional to the mass and the square of the velocity 
conjointly.” * 

I'hc two contradictory measures of motion are put 
side by side in this very glaring form. Not so much as 
the slightest attempt is made to explain the contra- 
diction, or even to disguise it. In the book by those 
two Scotsmen, thinking is forbidden, only calculation 
is permitted. Xtj wonder that at least one of thenf, 
Tait, is accounted one of the most pious Christians of 
pious Scotland. • 

In Kirchhoff’s J'orlesungen tlber mathematische Me- 
chanik [Lectures on Mathematical Mechanic^ the 
formulaj mu and mv- do not occur at*all,tn this form. 

■ Perhaps Helmholtz will aid us. In his Krhaltunn def 
Kraft [Consen'atiun of Parcel he proposes T;o exprc.<5s 
* 

VIS viva by , a point to which wc shall rOturn later. 

* St 

'J’hcn, cm page, 20 et .seq., he enumerates briefly the 
cases in which so far the principle of the conservation of 
‘ See Appendix 11. j». • 
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vis viva j^hence of — has been recognised made 

use of. , Included therein under No. 2 is 

“the transferehce of motion by incoiiapressible 
solid and fluid bodies, , in so far as friction, or impact 
of inelastic materials does not occur. For these 
cases our general principle is usually expressed in the 
rule that motion propagated and altered by mechanical 
powers always decreases in intensity of force in the 
same proportion* as it increases in velocity. If, 
therefore, we imagine a weight m being raised with 
velocity c by a machine in which a force for per- 
forming work^s produced uniformly by somci* process 
or other, then with a different mechanical arrange- 
ment the weight nm could be raised, but only with 
velocity c/n, so that in both cases the quantity of 
tensile force produced by the machine in unit time 
is represented by mge, where g is the intensity of the 
gravitational force.” 

Thus, here too wc have the contradiction that an 
“ intensity of force,” which decreases and increases in 
simple proportion to the velocity, has to serve as proof 
for the conservation of an intensity of force which 
decreases and increases in proportion to the square of the 
.velocity. 

In aJtiy case, it becomes evident here that snv and tnv^ 
serve to determine two quite distinct processes, but we 
certainly knew long ago that cannot equal mv, 
unless D=l. What has to be done is to make it com-, 
prchensible why nwtion should have a twofold measure, 
a thing which fs surely just as unpermissiblc in natural 
science as. in commerce.- Let us, therefore, attempt this 
in another wav. 

By mv, then, one measures “ a motion propagated 
and altored by mechanical powers ” ; hcncc this ;ncasure 
holds good for the lever anjj all its derivatives, for 
wheels, screws, etc., in short, for all machinery for the 
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transference of motion. But from a very simple and by 
no means new consideration it becomes evident that in 
so far as mv applies here, so also does Let us 

take any mechanical contrivance in- which the sums of 
the lever-arms on the two sides are related to each other 
as 4 : 1, in which, therefore, a weight of 1 kg. holds a 
weight of 4 kg. in equilibrium. Hpnee, by a quite - 
insignificant additional force" on one arm of the lever 
we can raise 1 kg. by 20 m. ; ,thc same additional 
force, when applied to the other ann of the lever, raises 
4 kg. a distance of 5 m., and the preponderating weight ' 
sinks in the same time that the other weight requires , 
for rising. Mass and velocity are inversely proportion&i 
to one another; inv, lx20=mV, 4X5. On the othyr 
hand, if we let each of the weights, after it has bet'ii 
raised, fall freely to the original level, then the one, 1 kg., 
after falling a distance of 20 m. (the acceleration due t<i 
gravity is put in round figures ===10 m. instead of '9,81 m.), 
attains a velocity of 20 m. : the other, 4 kg., after falling 
a distance of 5 m., attains a velocity of 10 m. 

=1 X 20 X 20 =400 =4X10x10 =400. 

On the other hand the times of fall are different : 
the 4 kg. traverse their 5 m. in 1 second, the 1 kg., 
traverses its 20 m. in 2 seconds. Fried ion and air 
resistance are, of course, neglected here. 

But after each of the two bodies has fallen from its 
height, its motion ceases. Therefore, mi' appears here 
as the measure of simple transferred, hence lasting, 
mechanical motion, and mv^ as the measure of the 
vanished mechani<»l motion. » 

Further, the same thing applies to the impact of 
perfectly elastic bodies ; the sum of both me "and of mv~ 
is unaltered before and after impact. Both measures 
have the same validity. , 

This is not the case on impact of inelastic bodies. 
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Here, too, the current elementary textbooks (higher 
mechanics is hardly concerned at all with such trifles) 
teach that before and after Jimpact the sum of mv 
remains the sanfe. -On the other hand a loss of vis viva 
occurs, for if the sum of mv^ after impact is subtracted 
from the sum of before impact, there is under all 
• circumstances a positive remainder. By this amount 
(or the half of it, accordihg to the notation adopted) 
the xns viva is diminished owing both to the mutual 
penetration and to the change of form of the colliding 
bodies. The latter is now clear and obvious, but not so 
the first assertion that the sum of mv remains the same 
before and after impact. In spite of Suter, vis viva is 
motion, and if a part of it is lost, motion is lost. Conse- 
quently, either mv here incorrectly expresses the 
quantity of motion, or the above assertion is untrue. 
In general the whole theorem has been handed down 
from a period when there was as yet no inkling of the 
transformation of motion ; when, therefore, a dis- 
appearance of mechanical motion was only conceded 
where there was no other way out. Thus, the equality 
here of the sum of mv before and after impact was 
taken as proved by the fact that no loss or gain of this 
sum had been introduced. If, however, the bodies lose vis 
viva in internal friction corresponding to their in- 
elasticity, they also lose velocity, and the sum of rm 
after impact must be smaller than before. i For it is 
surely not possible to neglect the internal friction in 
calculating mv, jvhen it makes itself felt so clearly in 
calculating mv^. 

•But this does not matter. Even if W'e admit the 
theorem, ajid calculate the velocity after falling, on 
the assupaption that the sum of mv has remained the 
same, this decrease of the sum of mv^ is still* foimd. 

^ This is incorrect. Momentum iciilains constant even in an ' in- 
elastic condition.. 
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Here, therefore, mv and conflict, and they' do so 
by-the difference of the mechanical motion that has 
actually disappeared. Moreover, the calculation itself 
shows that the sum of mv^ expresses the quantity of 
motion correctly, while the sum of mo expresses it 
incorrectly. 

Such are pretty nearly all ,the caseS in which mo is 
employed in mechanics. Let us now glance at some 
cases in which is employed. 

When a cannon-ball is fired, it uses up in its course an 
amount pf motion that is proportional to mv^, irrespective 
of whether it encounters a solid targat or comes to 
standstill owing to air resistance and gravitation. If a 
railway train runs into a stationary one, the violence of 
the collision, and the corresponding destruction, is 
proportional to its mv^. Similarly, mo^ serves wherever 
it is necessary to calculate the mechanical force required 
for overcoming a resistance. 

But what is the meaning of this convenient phrase, so 
current in mechanics : overcoming a resistance ? 

If we overcome the resistance of gravity by raising a 
weight, there disappears a quantity of motion, a quantity 
of mechanical force, equal to that produced anew by the 
direct or indirect fall of the raised -weight from the^ 
height reached back to its original level. The quantity 
is measured by iialf the product of the mass and the 

TTIV^ 

final velocity after falling,—^. W’hat then occurred 

on raising the weight ? Mechanical motion, or force, 
disappeared as such. But it has not been annihilated ; 
it has been converted into mechanical force of' tension, 
to use Helmholtz’s expression; into potential energy, 
as the rnoderns say ; into ergal as Clausius callsnt ; and 
this can at any moment, by arty mechanically appro- 
priate means, reconverted into the same quantity of 
mechanical motion as was necessary to produce it. 
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The potential energy is only the negative expression of 
the vis viva and vice-versa. 

A 24-Ib. canupn-ball moving with a velocity of 400 m, 
per second strikes the one-metre thick armour-plating 
of a warship and under these conditions has apparently 
no effect on the armour. Consequently an amount of 

mechanical motion lias Vanished equal to i.e. 

A 

(since 24 lbs. =12 ' kg.) =12 X 400 X 400 X | =960,000 
kilogram-metres, \^^lat has become of it ? A small 
portion has been expended in the concussion and mole- 
cular alteration the ^mour-plate. A second’portion 
goes in smashing the cannon-ball into innumerable 
fragments. But the greater part has been converted 
into heat and raises the temperature of the cannon- 
ball to red heat. Wheflx,the Prussians, in passing over 
to Alsen in 1864, brought their heavy batteries into 
play against the armoured sides of the Rolf Krake, after 
each hit they saw in the darkness the flare produced 
by the suddenly glowing shot. Even earlier, Whitworth 
had proved by experiment that explosive shells need 
no detonator when used against armoured warships; 
the glowing metal itself ignites the charge. Taking the 
mechanical equivalent of the unit of heat as 424 kilo- 
gram-metres, the quantity of heat corresponding to the 
above-mentioned amount of mechanical motion is 
2,264' units. The specific heat of iron =0-1140 ; that is 
to say, the amount of heat that raises the temperature 
of 1 kg. of water by 1° C. (which serves as the unit of 

1 

heat) suffiees to raise the temperature of ^^Ui^= 8"772kg. 

of iron by 1° C. Therefore the 2,264 heat-units 
mentioned above raise the temperature of 1 kg. 
of iron by 8*772 X 2,264 =19,860° C. or 19,86(f kg. of 
iron by 1° C. Since this quantity of heat is distributed 
"^u»i^rmTy~br*^‘*«-arinour and the shot, the latter has its 
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19 800 *^ 

temperature raised by = 828®, amounting to 

quite a good glowing beat. But since the foremost, 
striking end of the shot receives at any rate by far the 
greater part of the heat, certainly double that of the 
rear half, the former would be raised to a temperature 
of 1,104® C. and the latter to 552® C’., which would fully ■■ 
suffice to explain the glowing effect even if we make a 
big deduction for the actual mechanical work performed 
on impact. . 

Mechanical motion also disappears in friction, to re- 
appear' as heat; it is well known t;Jiat, by the most 
accurate possible measurement of the two processes, 
Joule in Manchester and Colding in Copenhagen were 
the first to make an approximate experimental measure- 
ment of the mechanical equivalent of heat. 

The same thing applies to the production of an electric 
current in a magneto-electrical machine by means of 
mechanical force, e.g. from a steam engine. The quantity 
of so-called electromotive force * produced in a given 
time is proportional to the quantity of mechanical 
motion used up in the same period, being equal to' it if 
expressed in the same units. We can imagine this 
quantity of mechanical motion being produced, not by a 
steam engine, but by a weight falling in accordance with 
the pressure of gravity. The mechanical force that this 
is capable of supplying is nieasurcd by the vis vim 
that it would obtain on falling freely through the same 
distance, or by the force required to raise it agaiit to the 

original height ; in both cases 

Hence we find that while it is true that nieelraiiicai 

^ T&e phrase ** electromotive force is now used m a much stricter 
sense than 50 years, ago. It is the quantity measured in volts. The 
quantity equivalent to mechanicnl energy is of course electrical energy 
iiieasuim in kilow^att-hours. These terms wen* only exiudly dcllncll 
and aecfumtely measured after electrical ciiemv Im-* 
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motion has a two-fold measure, each of these measures 
holds good for a very definitely demarcated series of 
phenomena. If already existing mechanical motion is 
transferred in such'a way that it remains as mechanical 
motion, the transference takes place in proportion to 
the product of the mass and the velocity. If, however, 
it is transferred *in such a way that it disappears as 
mechanical motion in order to reappear in the form of 
potential energy, heat, electricity, etc., in short, if it is 
converted into another form of motion, then the quantity 
of this new form of motion is proportional to the product 
of the originallyjonoving mass and the squar^ of the 
velocity. In short, mo is mechanical motion measured 

as mechanical motion ; is mechanical motion 

measured by its capacity to become converted into a 
definite quantity of another form of motion. And, as 
we have seen, these two measures, because different, do 
not contradict one another. 

It becomes clear from this that Leibniz’s quarrel with 
the Cartesians was by no means a mere verbal dispute, 
and that d’Alembert’s verdict in point of fact settled 
nothing at all. D’Alembert might have sppred himself 
his tirades on the uncleamess of his predecessors, for 
he was just as unclear as they were. In fact, as long 
as it was not kno'ivn what becomes of the apparently 
annihilated mechanical motion, the absence of clarity 
was inevitable. And as long as mathematical mechani- 
cians like Sutei* remain obstinately shut in by the four 
walls of their special science, they are bound to remain 
Just as unclear as d’Alembert and to put us off with 
empty and contradictory phrases. 

But how does modern mechanics express this con- 
version of mechanical motion into another form of 
motion, proportional in quantity to the former ? It has 
performed work, and indeed a definite amount of work. 
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But this does not exhaust the concept of work in the 
physical sense of the word. If, as in a steam or heat 
engine, heat is converteck into mechanical mofion, i.e. 
molecular motion is converted into mass motion, if 
heat breaks up a chemical compound, if it becomes 
converted into electricity in a thermopile, if an electric 
current sets free the elements of wtitcr from dilute 

r 

sulphuric acid, or, conversely, if the niption (alias 
energy) produced in the chemical process of a current- 
producing cell takes the form of electricity and this in 
the circuit once more becomes converted into heat — 
in all tliese processes the form of motion that initiates 
the process, and which is converted by it into another 
form, performs work, and indeed a quantity of work 
corresponding to its own quantity. 

Work, therefore, is change of form of motion regarded 
in its quantitative aspect. 

But how so ? If a raised weight remains suspended and 
at rest, is its potential energy during the period of rest 
also a form of motion ? Certainly. Kven Tait arrives 
at the conviction that potential energy is subsequently 
resolved into a form of actual motion ' {Nature, XIV, 
p. 459). And, apart from that, Kirchhoff goes much 
further in saying {MaihemMical Mechanics, p. 32) “ Rest' 
is a special case of motion,” and thus proves that he 
can not only calculate but can also think dialectically. 

Hence, by a consideration of the two measures of 
mechanical motion, we arrive incidentally, easily, and 
almost as a matter of course, at the ecnccpt of work, 
which was described to us as being so diffictilt to com- 
prehend without matheriiatical mechanics. At any 
rate, we now know more about’it than from Helmholtss’s 

* In EiiHt^in^s general theoiy ol relativity s|>aoc4iine Is distorted 
by a gravitational field, and therefore the relation between two imlkn 
separated by a gravitational field ts of tire same charaoter as 4f they were 
in relative motion. In this sense potential eneigy may !>e said to be 
resolved into motion. 
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lecture On the Conservation of Force (1862), which was 
interxded precisely “to make as clear as possible the 
fundamental phy^fical concepts df work and their invari- 
ability.’^ All that we learn there about work is : that 
it is something which is expressed in foot-pounds or in 
units of heat, and that the number of these foot-pounds 
or units of heat is invariable for a definite quantity of 
work ; and, further, that besides mechanical forces 
and heat, chemical and electric forces can perform work, 
but tliat all these forces exhaust their capacity for work 
in the, measure that they actually result in work.^ VCo 
'learn also that it fallows from this that the sum of all 
effective quantities of force in nature as a whole remains 
eternally and invariably the same throughout all the 
changes taking place in nature. The concept of work is 
neither developed, nor even defined A And it is pre- 
cisely the quantitative invariability of the magnitude 
of work which prevents him from realising that the 
qualitative alteration, the change of form, is the basic 
condition for all physical work. And so Helmholtz can 
go so far as to assert that “ friction and inelastic impact 
are processes in which mechanical work is destroyed 
aqjl heat is produced instead.” (Pop. Vortrdge [Popular 
Leciures]y II, p. 160.) Just the contrary. Here 
mechanical work is not destroyed, here mechanical work 
is perfmned. It is mechanical motion that is apparently 
destroyed. But mechanical motion can never perform 
even a millionth part of a kilogram-metre of work, 
witliout apparentry being destroyed as such, without 
bcqpming cooti verted into another form of motion. 

But, as we have seen, the capacity for work contained 
in a given quantity of mechanical motion is what, is 

* Wc get no further by consulting Clerk Maxwell. The latttr says 
{Theory oj Heat. 4th edition, London, 1875, p. 87): “Work is done 
when resistance is overcome/’ and oh p. 1%‘J, “ The energy of a body is. 
its capacity for doing wajk/' Tliat is hll that wc Icnm about* it, 
[,Vo/e b?/ h\ Kngeh.} 
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known as its vis viva, and until recently was measured 
by mo^. And here a new contradiction arose. Let us 
listen to Helmholtz (CsmervaHon of Force, p.' 9). 

We read there that the magnitude of work can be 
expressed by a weight m being raised to a height h, 
when, if the force of gravity is put as g, the magni- 
tude of work=n»gA. For the body m to rise freely 
to the vertical height k, it requires a velocity v=V^h, 
and it attains the same velocity on falling. Conse- 

qucntly, and Helmholtz proposes “'to take 

r ^ 

the magnitude as the quantity^ sf vis viva, whereby 

it becomes identical wnth the measure of the magnitude 
of work. From the viewpoint of how the concept of 
Ilf# I’lVa has been applied hitherto . . . this change has no 
significance, but it will offer essential advantages in the . 
future.” 

It is scarcely to l)e believed. In 1847, Helmhoita 
was so little clear about the mutual relations of vis viva 
and work, that he totally fails to notice how he trans- 
forms the former proportional measure of vis viva into 
its absolute measure, and remains quite unconscious 
of the important discovery he has made by his audacious 

handling, recommending his — - only because of its 

convenience as compared with mv^ I And it is as a 
matter.of convenience that mechanicians have adopted 

Only gradually was also proved mathemati- 

cally. Kaumann {Allg. Chemie [General Ci^emistry], p. 7) 
gives an algebraical proof, Clausius '.{Meckanische 
If&nnetkcorie [The Mechanical Theory of Meat\, 2nd 
edition, p, 18), an analytical one, which is then to be met 
with in another form athd a different method of deduction 
in Kirchhoff {ibid., p. 27). 
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Clerk Maxwell {ibid., p. 88) i gives an elegant alge- 

braical of the deduction of — - from mv* This 

does not prevent *our two Scotsmen, Thomson apd Tait, 
from asserting {ibid., p. 168).: “ The vis viva or kinetic 
energy of a moving body is proportional to the mass 
and the square of the velocity conjointly. If wc adopt 
the same units of mass as alx)ve (namely, unit of mass 
moving with unit velocity) there is a particular advantage 
in defining kinetic energy as half the product of the 
mass and the square of the velocity.” Here, therefore, 

. we find that not <inJy the ability to think, but *flso to 
calculate, has come to a standstill in the two foremost 
mechanicians of Scotland. The particular advantage, 
the convenience of the formula, accomplishes everything 
in the most beautiful fashion. 

For us, who have seen that vis viva is nothing but the 
capacity of a given quantity of mechanical motion to 
perform work, it is obvious on the face of it that the 
expression in mechanical terms of this capacity for work 
and the work actually performed by the latter must 

be equal to each other ; and that, consequently, if — t ■ 

A 

nreasures the work, the vis viva nuist likewise be 

measured by ' Hut that is what happens in science. 

Theoretical mechanics arrives at the concept of vis viva, 
the practical mechanics of the engineer arrives at the 
concept of work, and forces it on the theoreticians.'- 
And, immersed in their calciilatioas', the theoreticians 
have beconie so unaccustomed to thinking that for years 

> See Appendix II, p. .*532. 

“ I'hc term vis viva, nieasurcti Ity mv’\ ha.s now <*omplotely dis- 
appoar(‘<l from thcoreticar mechanics.' as Kngels thought that it should. 
To-day most people <*an think in tornis of <wrgy, not l)t*<*aus? of any 
theoretical advances, but lieeausc it is u eoinmodity. We buy it in 
Ihf'rms, calorics, kilowatt-hours, and otlwu* luensures, au<l are therefore 
Ihreeti to think about it in a concrete tnaiincr. 
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they fail to recognise the connection between the two 
concepts, measuring one of them by mv\ the other by 

■— -t and finally accepting — for both, not from compre- , 

hension, but for the sake of simplicity of calculation ! ^ 

^ The word “ work ” un<! the eorresjiondiag^hlca is derivee! from 
Kiigluih engineers. But in English jjiriUiticHl work is called “ work,” 
while work in the economic sense is called “ ialwur/’ Hence, physical 
work also is termed work,’’ thereby excluding all confusion with 
work in the economic sense*. This is not the case in German ; therefore 
it has been possible in recent pseudo*scientifie literature to make 
various peculiar applications of vrork in the physii'al sense to economic 
condit ions of labour and tice vemu But we have also the w*or<l irerA: ” 
which, like the hinglish word “ work,” is excellently adapted for 
signifying physical work. Ecoiionuc!s, h<)wevei^,“^eing a sphere fur too 
remote from our natural scientists, they will scarcely decide to introdu<?c* 
it to replace the wont Arfmtf which has already obtainwl general 
currcncjy— unless, jKsrhaps, when it is too late. Only Clausius* has 
made the attempt to retain the expression “ at least alongside 

tho expression ArbeiV' [Sole by Engch,), 

* See Appendix H, p. tliJ;}. 
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As we have seen, there are two forms in which 
mechanical motion, vis viva, disappears. The first is 
.its conversion into mechanical potential energy, for 
instance on lifting a weight. This form has th# pecu- 
liarity that not'^cnly can it be re-transformed into 
mechanical motion — ^this mechanical motion, moreover, 
having the same vis viva as the original one — but also 
that it is capable only of this change of form. Mechani- 
cal ]^otential energy can never produce heat or electricity, 
unless it has been' converted first into real mechanical 
motion. To use Clausius’ term, it is a “ reversible 
process.” . ‘ 

, The second form in which mechanical motion dis- 
appears, is in friction and impact — ^which differ only in 
degree. Friction can be conceived as a series of small 
impacts occurring successively and side by side, impact 
as friction concentrated at one spot and in a single 
moment of time. Friction is chronic impact, impact is 
acute friction. The mechanical motion that disappears 
here, disappears altogether as such. It can never be 
•restored immediately out of itself. The process is not 
directly reversible. The motion has been transformed 
into qualit|Ltively different forms of motion, into heat, 
electricity — into forms of molecular motion. 

Hence, friction and impact lead from the motion of 
masses, the subject matter of mechanics, to molecular 
motion, th§ subject matter of physics. 

In calling physics the mechanics of molecular motion, 
it ha-s not been overlooked that this expression by no 
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means covers the entire field of contemporary physics. 
On the contrary. Ether^vibrations, which are responsible 
for the phenomena of light and radiant heat, are certainly 
not molecular motions in the modern sense of the word. 
But their terrestrial actions concern molecules first and 
foremost : refraction of light, polarisation of light, .<‘tc,^ 
are determined by the molecular constitution of the 
bodies concerned. Similarly almo.st all the most im- 
portant scientists now ' regard electricity as a motion 
of ether particles, and Clausius even says of heat® 
that in “ the movement of ponderable atonus (it would 
be better to say molecules) . . . Sf»e ether within the^ 
body can also participate ” {Meckanische W&rmctheorie 
[Mechanical Theory of Ileat\ T, p. 22).* But in the 
phenomena of electricity and heat, once again^ it is 
primarily molecular motions that have to bo considered ; 
it could not be otherwise, so long as our knowledge of 
the ether is so small. But when we have got so far as 
to be able to present the mechanics of the ether, this 
subject will include a great deal that is now of necessity 
allocated to physics.-* 

The physical processes in which the struetun- <. f the mole- 
cule is altered, or even destroyed, will be dealt with Iseter 
on ; they form the transition from physics to chemistry. 

Only with molecular motion doew the change of form 
of motion acquire complete freedom. Whereas, at the 
boundary of mechanics the motion of masses can assume 

1 At this time the ideatt of Faraday and >faxweU were dominant, 
and physioists tended to regard electricity as primarily located i!i the 
Held Dctween charged bodies. ' 

* A body at any temperatute is in eqiiilibriuni with a certain density 
of radiation, though very little of the encigy in a^jiven %'olurac is 
“ in the ether,’* i,«. in the form of radiation, at ordinary temperatures. 

* See Apjiendix 11, pp. 333-4. 

* TFite has certainly been verified In the senue that for nuHlcm 
physics the properties of particles can be rraarded as cssentiallv re- 
pulsions and attraotions in the space around them, which is also full of 
radiation. On the other huid, the Idea at the ether has proved so full 
of internal contradictions that the word is now little used. 
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only a few other forms— heat or electricity — ^here, a 
quite different and more lively capacity for change of 
form is to il)e seen. Heat passe» into electricity in the , 
thermopile, it becomes identical * with light at a certain 
stitge of radiation, and in its turn reproduces mechanical 
motion. Electricity and magnetism, a twin pair like 
heat and light, notT)nly become transformed into each 
other, but also into heat and'light as well as mechanical 
. motion. ' And this takes place in such definite measure 
relations that a given quantity of any ofte of these forms 
of energy can be expressed in any other — ^in kilogram* 
•metres, in heat tmit§^,in volts,® and similarly any unit of 
measurement can be translated into any other. 

The practical discovery of the conversion of mechanical 
motiop into heat is so very ancient that it can be taken as 
dating from the beginning of human history.® Whatever 
discoveries, in the way of tools and domestication of 
animals,^ may have preceded it, the making of fire 
by friction was the first instance of men pressing a non- 
living force of nature into their service. Popular 
superstitions to-day still show how greatly the almost 
immeasurable import of this gigantic advance impressed 
itself on the mind of mankind. Long after the intro- 
duction of the use of bronze and iron the discovery of 
the stone knife, the first tool, continued to be celebrated, 
all religious sacrifices being performed with stone knives. 
According to the Jewish legend, Joshua decreed that 
men bom in the wilderness should be circumcised with 

As we saw, some of the heat in a hot body takes the form of radia- 
tion: When thfb-body gets red hot this becomes partially visible (t.e. 
light). 

* This is, of course, a mistake. The volt is not an energy unit, as 

Engels would soon have known had he ever had to pav an cleotiioity 
bill 1 • 

* Even SiaatUhropus, a type of num very different physically, from 

ourselves, possessed fire, though of course jre do not know how he made 
it. • 

* The use of ffre immensely preceded domestication. 
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stone knives ; the Celts and Germans used stone knives 
exclusively in their human sacrifices. But all this long 
.^0 passed into oblivi«*n. It was different 'with the 
making of fire by friction. Long after other methods 
of producing fire had become known, every sacred 
fire among the majority of peoples had to be obtained 
by friction. But even to-day, popular superstition iir 
the majority of the Euro;^an countries insists that 
fire with miraculous powers (e.g. our German bonfire 
against epidemics) may be lighted only by means of 
friction. Thus, down to our own day, the grateful 
memory of the first great victory of ijjjinkind over nature - 
lives on— half unconsciously— in popular superstition, 
in the relics of heathen-mythological recollections, among 
the most educated peoples in the world. 

However, the process of making fire by friction in still 
one-sided. By it mechanical motion is converted into 
heat. To complete the process, it must be reversed ; 
heat must be converted into mechanical motion. Only 
in that case is justice done to the dialectics of the process, 
the cycle of the process being completed— for the first 
stage, at least. But history has its own pace, and how- 
ever dialectical its course may be in the last analysis, 
dialectics has often to wait for history a fairly long time. 
Many thousands of years must have elapsed between the 
discovery of fire by friction and the time when Hero of 
Alexandria (ca. 120 B.C.) invented a machine which was 
set in rotary motion by the steahi issuing fifom it. And 
almost another two thousand years elapsed before the 
first steam engine was built, the first apparatus for 
the conversion of heat into really useable; Incchanical 

motion. » 

The steam engine was the first really international 
inventfon, and this fact, in turn, testifies to a mighty 
historical advance. The Frenchman, Papin, invented 
the first steam engine, and he invented it in Germany. 
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It was the German, Leibniz, scattering around liim, as 
always, brilliant ideas, without caring whether the merit 
for them would be awarde^ to him or someone else, 
who, as we linow now from Papin’s correspondence 
(published by Gerland), gave him the main idea of the 
machine : the employment of a cylinder and piston. 
Soon after that, the Englishnien, Savery and Newcomen, 
invented similar machines ; finally, their fellow-comitry- 
man. Watt, by introducing a separate condenser, 
brought the steam engine in principle up to the level of 
to-day. 1 The cycle of inventions in this sphere was 
completed ; the conversion of heat intof mechanical 
motion was a^ieved. What came afterwards were 
improvements in details. 

Practice, therefore, sd!ved after its own fashion the 
paroblem of the relations between mechanical motion and 
heat. It had, to begin with, converted the first into the 
second, and then it converted the second into the first. 
But how did matters stand in regard to theory ? 

The situation was pitiable enough. Although it was 
just in the seventeenth and eighteenth centuries that 
innumerable accounts of travel appeared, teeming with 
descriptions of savages who knew no way of producing 
fire other than by friction, yet physicists were almost 
uninterested in it ; they were equally indifferent to the 
steam engine during the whole of the eighteenth century 
and the first decades of the nineteenth. For the most 
part they were satisfied simply to record the facts. 

Finally, in the ’twenties, Sadi Carnot took the matter 
in hand, and indeed so very skilfully that his best 
calcularions, afterwards presented by Clapeyron in 
geometrical form, have been accepted up to the present 
day by Clausius and Clerk Maxwell. Sa,di Carnot almost 
got to the bottom of the question. It was mjt the lack 
of factual data that prevqpted him from completely 
^ The turbine was of course only introduced in 1884. 
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solving it, but solely a preconceived false theory. 
Moreover, this false theory was not one which had been 
forced upon physicists by ,fome variety of malicious 
philosophy, but was a theory contrived by tne physicists 
themselves, by means of their own naturalistic mode of 
thought, so very superior to the metaphysical-philoso- 
phical method. ■ 

In the seventeenth century heat was regarded, at any 
rate in England, as a property of bodies, as “ a motion of a 
particular kind, the nature of which has never been 
explained in a satisfactory manner.” This is what Th. 
ihomson callfed it, two years before thg, discovery of 
the mechanical theory of heat (Ouiline of ike Sciences 
of Heat and Electricity, 2nd edition, London, 1840). 
But in the eighteenth century the view came more and 
more to the fore that heat, as also light, electricity, and' 
magnetism, is a special substance, and that all these 
peculiar substances differ from ordinary niatter in 
having no weight, in being imponderable. 



VI 

ELECTRICITY! 


Electeicity, like heat, only in a different -way, has also 
a certain omnipresent character. Hardly any change 
can occur in the world without it being possible to 
demonstrate the presence, of electrical phenomena. I^’ 
water evaporates, if a dame burns, if two different 
metals, or two metals of different temperature, touch, 
or if iron touches a solution of copper sulphate, and so on, 
electrical processes take place simultaneously with the 
more apparent physical and chemical phenomena. The 
more exactly we investigate natural processes of the 
most diverse nature, the more do we find evidence of 
electricity. In spite of its omnipresence, in spite of 
the fact that for half a century electricity has become 
more and more pressed into the industrial service of 
mankind, it remains precisely that form of motion the 
-nature of which is still enveloped in the greatest 
obscurity. 

The discovery of the galvan'c current is approximately 
fl5 years younger than that of oxygen and is at least as 
significant for the theory of^lectricity as the latter 
discovery was for chemistry. Yet what a difference 
obtains even to-day between the Iwo fields ! In 
chem^try, thanks especially to Dalton’s discovery of 

^ For^ lh <5 factual mateml in this chapter we rely mainly on 
Wiedemann’s Lehre vom Oalmnismus wtd JKlektromftgnetimm [Theory 
of Golmnimn and Mlectro^-MagneUsm]^ 2 vols, in Z parts, 2nd e<lition, 
Braunschweig, 1874. ^ 

In Nature, June 15, 1882, there is a reference to this admirable 
treatise, which in its forthcoming»»shape, with electrostatics added, will 
be the greatest experimental treatise on electricity in existence.” 

U 
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atomic weights, there is order, relative certainty about 
what has been achieved, and systematic, almost planned, 
attack' on the territory still unconquered, confparablc 
to the regular siege of a fortress. In the theory of 
electricity there is a barren lumber of ancient, doubtful 
experiments, neither definitely confirmed nor delinitely 
refuted; an uncertain fumbling in the dark, unco- 
ordinated research and experiment on the part of, 
numerous isolated individuals, who attack the unknown 
territory with their scattered forces like the attack of a 
swarm of nomadic horsemen. It must be admitted, 
indeed, t!|iat in the sphere of electrieitjf. a discovery like 
that of Dalton, giving the whole science a central point 
and a firm basis for research, is still to seek.* It is 
essentially this unsettled state of the theory of electricity, 
which for the time being makes it impossible to establish 
a comprehensive theory, that is responsible for the fact 
that a one-sided empiricism prevails in this sphere, 
an empiricism which as far as possible itself forbids 
thought, and which precisely for that reason not only 
thinks incorrectly but also is incapable of faithfully 
pursuing the facts or even of reporting them faithfully, 
and which, therefore, becomes transformed into* the ^ 
opposite of true empiricism. 

If in general those natural scientists, who cannot say 
anything bad enough of the crazy a priori speculations 
of the German philosophy of nature, are to be recom- 
mended to read the theoretico-physical w'orks of the 
smpirical school, not only of the contemporary but 
even of a miuch later period, this holds good quite , 
especially for the theory of electricity. Let us take a 
work of the year 1840 : An Outline of the Sdences of 
Heat and Electricity, by Thomas Thomson. Old Thomson 
was indeefd an authority in his day ; moreover he had 
already at his disposal a' very considerable part of 

‘ "the mitral disooveiy was .1. Jt. Thomson's <li8covcr>' of the eleotmii-. , 
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the work of the greatest electrician so far — ^Faraday. 
Yet his book contains at least just as crazy things as the 
corresponding Election of the rfiueh older Hegelian philo- 
sophy of nature. The description of the electric spark, 
for instance, might have been translated directly from 
the corresponding passage in Hegel. Both enumerate 
all the wonders that people sought to discover in the 
electric spark, prior to knoMedge of its real nature and 
manifold diversity, and which have now been shown to 
be mainly special cases or errors. 

Still better, Thomson recounts quite seriously on p. 446 
Dessaigne*s cockT»nd-bull stories, such as that, with a 
rising barometer and falling thermometer, glass, resin, 
silk, etc., become negatively electrified on immersion in 
mercury, but positively if instead the barometer is 
fal^g and the temperature rising ; that in summer 
gold and several other metals become positive on warming 
and negative on cooling, but in winter the reverse ; that 
with a high barometer and northerly wind they are 
strongly electric, positive if the temperature is rising and 
negative if it is falling, etc. 

So much for the treatment of the facts. As regards 
^ priori speculation, Thomson favours us with the 
following treatment of the electric spark, derived jfrom 
no lesser person than Faraday himself : 

“ The spark is a discharge . . . or weakening of the 
polmrised inductive state of many dielectric particles 
by means of a peculiar action of a few of these particles 
occupying a Very small and limited space. Faraday 
assumes that the few particles situated where the 
discharge occurs arc not merely pushed apart, but 
assume « peculiar, highly exalted, condition for the 
time, i.e. that they have thrown on them all the 
stirrounding forces in succession and are thus Jirought 
into a proportionate intensity of condition, perhaps 
equal to that of chemically combining atoms ; that 
they then discharge the powers, in the same manner 
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as the atoms do theirs, in some way at present uu- 
kndwn to us and so the end of the whole. The 
ultimate effect is exactly as if a metallic wire had been 
put into the place of the discharging particles, and 
it does not seem impossible that the principles of 
action in both cases may, hereafter, prove to be the 
same.” * 

I have, adds Thomson, given this explanation of 
Faraiday’s in his own words, because I do not understand 
it clearly. This will certainly have been the experience 
‘ of other persons also, quite as much as -when they read 
In Hegel that in the electric spark “ tl^jt «pecial materi- 
ality of the charged body does not as yet enter into the 
process but is ■determined within it only in an ele- 
mentary and spiritual way,” and that electricity is “ the 
anger, the effervescence, proper to the body,” its ” angry 
self ” that “ is exhibited by every body when excited.” 
{Philosophy of Nature, paragraph 324, addendum.) “ 

Yet the basic thought of both Hegel and Faraday is 
the same. Both oppose the idea that electricity is not 
a state of matter but a special, distinct variety of matter. 
And since in the spark electricity is apparently exhibited 
as independent, free from any foreign material sub- 
stratum, separated out and yet perceptible to the senses, 
they arrive at the necessity, in the state of science at 
the time, of having to conceive of the spark as the 
transient phenomenal form of a “ force ” momentarily 
freed from all matter. For us, of course, the riddle is 
solved, since %ve know that on the spark discharge 
between n»etal electrodes real “ metallic particles ” 
leap across, and hence in actual fact “ the' special 
materiality of the charged body enters into the process.” 

As is well known, electricity and magnetism, like 
heat and'*light, were at first regarded as special im- 
ponderable substances. As far as electricity is eoncernetl, 
* Sec AppetHiix H, 
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it is well known that the view soon developed that there 
are two opposing substances, two “ fluids,” one positive 
and one ne^tive, which in the normal state neutralise 
each other, ’until they are forced apart by a so-called 
“ electric force of separation.”; It is then possible to 
charge two bodies, one with positive, the othCT with 
negative electricity ; on uniting them by a third con- 
ducting body equalisation occurs, either suddenly or 
by means of a lasting cuwent, according to circum- 
stances. The sudden equalisation appeared very aim plo 
and comprehensible, but the current offered difficulties.* 
The simplest Jjypothesis, that the eunreiit-i*»^eTCry casl 
is a movement of either purely positive 
negative electricity, was opposed by Fechner, and in 
more detail by Weber, with the view that in every circuit 
•two equal currents of positive and negative electricity 
flow in opposite directions in channels lying side by side 
between the ponderable molecules of the bodies.^ 
Weber’s detailed jnathenoatical working out of this 
theory finally arrives at the result that a function, of 
no interest to us here, is multiplied by a magnitude Ijr, 
the latter signifying ” the ratio ... of ihe unit of 
eleetricUy to the milligram.” (Wiedemann, Lehre vom 
Galvanismw, etc. [Theory of Galvanism, etc.\ 2nd edition, 
III, p. S69). The ratio to a measure of weight can 
naturally only be. a weight ratio. Hence one-sided 
empiricism had already to such an extent forgotten the 
practice of thought in calculating that here it even makes 
jflic imponderable electricity ponderable and introduces 
its weight into the mathematical calculation. 

Th6 formulae derived by Weber sufficed only within 
certain limits, and Helmholtz, in particular, only a few 
years ago calculated results that come into conflict 

% 

» We now know that a mmni in metals is due to a movement of 
electrons^ whereas in elcetmlytrf, salt water and gases, molecules 
with both positive and negative charges eariy it. . 
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with the principle of the conservation of energy. In 
oppasition to Weber’s hypothesis of the double current 
flowing in opporite directions, C. Nauinann in 1871 
put forward the other hypothesis that in the current 
only one of the two electricities, for instance the positive, 
moves, while the other negative one remains firmly 
bound up with the mass of the body. On this Wiede- 
mann includes the remark : “ this hypothesis could bo 
linked up with that of Weber if to Weber’s supposed 
double current of electric masses flowing in 

opposite directions, there were added a further current 
" of electricity, e.xtcrnally inactivf^ which carried 

*vith it amounts of electricity in the direction of the 
positive current.” (Ill, p. 577.) 

This statement is once again characteristic of one- 
sided empiricism. In order to bring about the flow of 
electricity at all, it is decomposed into positive and 
negative. All attempts, however, to explain the current 
w'ith these two substances, meet with difficulties ; 
both the assumption that only one of them is present 
in the current and that the two of them flow in opposite 
directions simultaneously, and, finally, the third assump- 
tion also that one flows and the other is at rest. If we 
adopt this last assumption how are we to explain the 
inexplicable idea that negative electricity, w’hich is 
mobile enough in the electrostatic machine and the 
Leyden jar, in the current is firmly united with the mass 
of the body ? Quite simply, llcsides the positive 
current +c, flowing through the wire to the right, and 
the negative current, -•/?, flowing to the left, we make 
yet another current, this time of neutral electricity, ±|f, 
flow to the right. First we assume that the two elec- 
tricities, to be able to flow at all, must be separated from 
one another ; and then, in order to explain the pheno- 
mena that occur on the flow of the separated electricities, 
wc assume that tlicy can also flow unseparatesd. First 



EUEOriflCHTV 89 

we make a supposition to explain a particular pheno- 
menon, and at the first difficulty encountered we make 
a seeon<f supposition which directly negates the first one. 
What must be the sort of philosophy that these gentle- 
men have the right to complain of ? 

However, alongside this view of the material nature of • 
' electricity, there .^oon appeared a second view, according 
to which it is to be regarded as a mere state of the body, 
a “ force ” or, as we would say to-day, a special form of 
motion. We saw above that Hegel, and later Faraday, 
adhered to this view. After the discovery of the 
mechanical equiv^ent of heat had finally disposed of 
the idea of a special “ heat stuff,” and heat was shown 
to be a molecular motion, the next step was to treat 
electricity also according to the new method and to 
attSmpt to determine its mechanical equivalent. This 
attempt was fully successful. Particularly owing to 
the experiments of Joule, Favre, and Raoult, not only 
was the mechanical and thermal equivalent of the so- 
called “ electromotive force ” of the galvanic current 
established, but also its complete equivalence with the 
energy liberated by chemical processes in the exciting 
jell or used up in the decomposition cell. This made the 
assumption that electricity is a special material fluid 
more and more untenable. 

The analogy, however, between heat and electricity" 
was not- perfect. The galvanic currents still differed in 
very essential respects from the conduction of heat. 
It was still not'possible to say xehat it %vas that moved 
m the electrically affected bodies. The assumption of a 
mere molecular vibration as in the case of heat seemed 
insufficient. In view of the enormous velocity of 
motion of electricity, even exceeding that of light, ‘ 
it remained difficult to overcome the view that h<?t'e some 

» This is incorrect, but jycnemHy stated in texttK)6ks at the 
time when Engeis wrote. ‘ 
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material substance is- in motion between the molecules of 
the body. 

Here the most recent theories put forward tyy Clerk 
Maxwell (1864), Hankel (1865), Reynard (1870), and 
Edlund (1872) are in complete agreement with the 
assumption already advanced in 1846, first of all as a 
su^estion by Faraday, that electricity is a movement of 
the elastic medium permeating the whole of space and 
hence all bodies as well, the discrete particles of which 
medium repel one another according to the law of the 
inverse square of the distance. In other words, it is a 
motion of ether particles, and the mo^oules of the body 
take part in this motion. As to the manner of this 
motion, the various theories are divergent; those of 
Maxwell, Hankel, and Reynard, taking as their basis 
modem investigations of vortex motion, explaid it 
in various ways from vortices, so that the vortex 
of old Descartes also once more comes into favour 
in an increasing number of new fields. We refrain from 
going more closely into the details of these theories. 
They differ strongly from one another and they will 
certainly still experience many transformations. But 
a decisive advance appears to lie in their common basic 
conception : that electricity is a motion of the particles 
of the luminiferous ether that penetrates all ponderable 
'matter, this motion reacting on the molecules of ♦he 
body. This conception reconciles the two earlier ones. 
According to it, it is true that in electrical phenomena 
it is something substantial that mtJves, something 
different from ponderable matter. But this .substance 
is not electricity itself, which in fact proves rather to 
be a form of motion, although not a form o^the imme- 
diate direct motion of ponderable matter. While, on 
the one'^hand, the ether theory shows a way of getting 
over the primitive clums;;? idea of two opposed electrical 
fluids, on the other hand it cives a nrosueet of ex* 
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plaining what the real, substantial substratum of electri- 
cal motion is, what sort of a thing it is whose motion 
produces electrical phenomena*^ 

The ether theory has already had one decisive success. 
As is well known, there is at least one point where 
electricity directly alters the motion of light : it rotates 
the latter’s plane of polarisation. On the basis of his 
theory mentioned above. Clerk Maxwell calculates that 
the electric specific inductive capacity of a body is equal 
to the square of its index of refraction. Boltzmann has 
investigated dielectric coefficients of various non- 
conductors and 1ft found that in sulphur, rosin, and 
paraffin, the square roots of these coefficients were 
respectively equal to their indices of refraction. The 
highest deviation— in sulphur — ^amounted to only 4 
per* cent. Consequently, the Maxwellian ether theory 
in this particular has hereby been experimentally 
confirmed.® 

It will, however, require a lengthy period and cost 
much labour before new series of experiments will 
have extracted a firm kernel from these mutually con- 
tradictory hypotheses. UrftiJ then, or “until the ether 
theory, too, is perhaps supplanted by an entirely new 
one, the theory of electricity finds itself in the un- 
comfortable position of having to employ a mode of 
expression which it itself admits to be false. Its whole 
terminology is still based on the idea of two electric 
fluids. It still speaks quite unashamedly of “ electric 
masses flowing 'in the bodies,” of “ a division of elec- 
tricities iji every molecule,” etc. This is a misfortune 
which for the most part, as already said^ follows in- 

^ The view that electrical energy was located in the ether was the 
basis of the experiments which gave us radio. It seemed 4n turn to 
have been negated by the discovery of electrons. However^ the electron 
in turn is now regarded by many physicists as a system of waves rathor 
than a well-defined particle* 

* Every broadcast is a conhnnatbn of this theoiy to-day. 
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evitably from the present transitional state of science, 
but which also, with the one-sided empiricism particularly 
prevalent in this branch investigatioru contributes not 
a little to preserving the existing confusion of thought. 

The opposition between so-called static or frictional 
electricity and dynamic electricity or galvanism can now 
be regarded as bridged over, since we have learned to* 
produce constant currents by means of the electric 
machine and, conversely, by means of the galvanic 
current to produce so-called static electricity, to charge. 
Leyden jars, etc. We shall not here touch on the sub- 
form of static electricity, nor likewise on magnetism, 
which is now recognised to be also a sub-form of elec- 
tricity. The theoretical .explanation of the phenomena 
belonging here will under all circumstances have to be 
sought in the theory of the galvanic current, 'and 
consequently we shall keep mainly to this. 

A constant current can be produced in many different 
ways. Mechanical mass motion produces directly, by 
friction, in the first place only static electricity, and a 
constant current only with great dissipation of energy. 
For the major part, at leastj to become transformed into 
electric motion, the intervention of magnetism is 
required, as in the well-knownmagneto-electric machines ^ 
of Gramme, Siemens, and others. Heat can be converted 
directly into current electricity, as' espmally occurs at 
the junction of two different metals. The energy set 
free by chemical action, which under ordinary circum- 
stances appears in the form of heat, is converted under 
appropriate conditions into electric motion. Con- 
.versely, the latter form of motion, as soon as the 
requisite conditions are present, passes into* any other 
form of motion : into mass motion, to a very small 
extent ‘"'directly into electro-dynamic attractions and 
repulsions ; to a large extent, however, by the inter- 
^ How oalkd dymxam* 
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vention of magnetism in the electro-magnetic machine ; 
into heat — throughout a closed circuit, unless other 
changes ’are brought about; .into chemical energy- 
in decomposition cells and voltameters introduced into 
the circuit, where the current dissociates compounds 
that are attacked in vain by other means.. 

All these transformations are governed by the basic 
law of the quantitative equivalence of motion through 
all its changes of form. Or, as Wiedemann expresses 
. it : “ By the law of conservation of force the mechanical 
work exerted in any way for the production of the 
current must be ^equivalent to the work exerted in 
producing all the effects of the current.” The conversion 
of mass motion or heat into electricity i offers us no 
difficulties here ; it has been shown that the so-called 
“ electromotive force ” * in the first case is equal to the 
work expended on that motion, and in the second case 
it is “ at every jimction of the thermopile directly 
proportional to its absolute temperature ” (Wiedemann, 
III, p. 482), to the quantity of heat present at every 
junction measured in absolute units. The same law 
has in fact been proved valid also for electricity produced 
from chemical energy. But here the matter seems to 
be not so simple, at least for the theory now current. 
Let us, therefore, go into this somewhat more deeply. . 

One of the most beautiful series of experiments on the 
transformations of form of motion as a result of the 
action of a galvanic cell is that of Favre (1857-58). 
He put a Smee»cell of five elements in a calorimeter ; 

" * I use th8 term “ eleotrioity ” in the sense of electric motion with 
the same Justification that the general tenn “ heat ” is used to express 
the form of laotion that our senses perceive as heat. This is the less 
open to objection in as much as any possible eonfhsion with the state 
of stress of electricity is here expressly excluded in advance. [JVofe by 
F. Engels.] * , , 

» Once more it must be lemembered^t this term was very loosely 
used sixty years ago, and now has a definite meaning, not of course 
equhTilent to any form of energy. 
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in a second calorimeter he put a small electro-magnetic 
motor, with the main axle and driving wheel projecting 
so as to be available for^any kind of coupling. Each 
production in the cell of one gram hydrogen, or 
solution of 82-6 grams of zinc (the old chemical equi- 
valent of zinc, equal to half the now accepted atomic 
weight 65*2, and expressed in grams), gave the following 
results : 

A. The cell enclosed in the calorimeter, excluding the 
motor : heat production 18,682 or 18,674 units of 
heat. 

B. Cell and motor linked in the circuit, but the motor 
prevented from moving : heat in the cell 16,448, in the 
motor 2,219, together 18,667 units of heat. 

C. As B, but the motor in motion without however 
lifting a weight : heat in the cell 18,888, in the motor 
4,769, together 18,657 units of heat. 

D. As C, but the motor raises a weight and so per- 
forms mechanical work =181 ,24 kilogram-metres : 
heat in the cell 15,427, in the motor 2,947, total 18,374 
units of heat; loss in contrast to the above 18,682 
equals 808 units of heat. But the mechanical work 
performed amounting to 181,24 kilogram-metres, 
multiplied by 1,000 (in order to bring the kilogran^S 
into line with the grams of the chemical results) 
^d divided by the mechanical equivalent of heat = 
428,5 kilogram-metres, gives 809 units of heat, heJice 
exactly the loss mentioned above as the heat equivalent 
of the mechanical work performed. , 

The equivalence of motion in all its transformations is, 
therefore, strikingly proved for electric moftion also^ 
within the limits of unavoidable error. An4 it is like- 
wise proved that the “ electromotive force ” of the 
galvanic battery is nothing but chemical enei^ con- 
verted into electricity, and the battery itself nothing 
Init an apparatus that converts chemical energy .on its 
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liberation into electricity, just as a steam engine trans- 
forms the heat supplied to it into mechanical motion, 
without ip either case the converting apparatus supplying 
further energy on its own account. 

A difficulty arises here, however, in relation to the 
traditional mode of conception. The latter ascribes an 

eUctric force of separation ” to the battery in virtue of 
the conditions of contact present in it between the fluids 
and metals, which force is proportional to the electro- 
motive force and therefore for a given battery represents 
'a definite quantity of energy. What then is the relation 
of this electric force of separation, which according to 
the traditional inode of conception of the battery as such 
is inherently a source of energy even without chemical 
action, to the energy set free by chemical action ? 
And, if it is a source of energy independent of the latter, 
whence comes the energy furnished by it ? 

This question in a more or less unclear form consti- 
tutes the point of dispute between the contact theory 
founded by Volta and the chemical theory of the galvanic 
current that arose immediately afterwards. 

The contact theory explained the current from the 
electric stresses arising in the battery on qontaet of the 
metals with one or more of the liquids, or even merely 
on contact of the liquids themselves, and from their 
neutralisation or that of the opposing electricities thus 
generated in the circuit. The -pure contact theory 
regarded any chemical changes that might thereby 
occur as quite ^ secondary. , On the other hand, as 
early as 1805, Ritter maintained that a current could 
, only be formed if the excitants reacted chemically 
even before^ closing the circuit. In general this older 
chemieal theory is summarised by Wiedemann (I, 
p. 284) to the effect that according to it so-called contact 
electricity “ makes its appearapcc only if at the same 
time there comes into play a real chemical action of the 
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bodies in contact, or at any rate a disturbance of the 
chemical equilibrium, even if not directly bound up with 
chemical processes, a tendency towards ehemioal 
action ’ between the bodies in contact.’^ 

It is seen that both sides put the question of the source 
of energy of the current only indirectly, as Indeed could 
hardly be otherwise at the time. ’Ssolta and his sue-- 
cessors found it quite in order that the mere contact of 
heterogeneous bodies should produce a constant current, 
and consequently be able to perform definite work 
without equivalent return. Ritter and his supporters' 
are just as little clear how the chemical action makes the 
battery capable of producing the current and its per- 
formance of work. But if this point has long ago Ix'cn 
cleared up for chemical theory by Joule, Favre, Raoult, 
and others, the opposite is the case for the contact 
theory. In so far as it has persisted, it remains essentially 
at the point where it .started. Notions belonging to a 
period long outlived, a period when one had to Iw 
satisfied to ascribe a particular effect to the first avail- 
able apparent cause that showed itself on the shrfacc, 
regardless of whether motion was thereby made to arise' 
out of nothing — notions that directly contradict the 
principle of the conservation of energy — thus contimfc 
to exist in the theory of electricity of to-day. And if 
the objectionable aspects of these ideas are shorn off, 
weakened, watered do%vn, castrated, glossed over, this 
does not improve matters at all : the confusion is 
bound to become only so much the worse. 

As we have seen, even the older chemical theory of thi* 
current declares the contact relations of the'battery to 
be absolutely indispensable for the formation of the 
current : it maintains only that these contacts can never 
achieve a Constant current without simultaneous chemi- 
cal action. And even to-day it is still taken as a matter 
of course that the contact arrangements of the battery 
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provide precisely the apparatus by means of which 
liberated chemical energy is transformed into electricity, 
and thi^jfc it depends essentially on these contact arrange- 
ments whether»and how much chemical energy actually 
passes into electric motion. 

Wiedemann, as a one-sided empiricist, seeks to save 
what can be sav^d of the old contact theory. Let us 
follow what he has to s&yr He dedcures (I, p. 799) ; 

“ In contrast to what was formerly believed, the 
effect of contact of chemically indifferent bodies, 
e.g. of metals, is neither indispensable for the theory of 
the pile, nor proved by the facts that Ohm derived his 
law from it, a law that can be derived without this, 
assumption, and that Fechner, who confirmed this 
law" experimentally, likewise defended the contact 
theory. Nevertheless, the excitation of electricity 
by metallic contact, according to the experiments now 
available at least, is not to be denied, even though the 
quantitative results obtaiuable in this respect may 
always be tainted with an inevitable uncertainty 
owing to the impofisibility of keeping absolutely clean 
the sirrfaces of the bodies in contact.” 

It is seen that the contact theory has become very 
modest. It concedes that it is not at all indispensable 
for explaining the current, and neither proved theoreti- 
cally by Ohm nor experimentally by Fechner. It even 
concedes then that the so-caUed fimdamental experi- 
ments, on which alone it can still rest, can never furnish 
other than uncertain results in a quantitative respect, 
aaid finally it asks us merely to recognise that in gaieral 
it is by contact-^lthough only of metals 1— ^that electric 
motion oceurs. 

If the contact theory remained content with this, 
there woulS not be a word to say against it. It will 
certainly be granted that on the contact of two»raetals 
electric^ phenomena occur, in, virtue of which a pre- 
paration of a frog’s leg can be made to twitch, an electro- 
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scope charged, and other movements brought about. 
The only question that arises in the first place is : 
whence comes the energy ^quired for this ? , 

To answer this question, we shall* according to 
Wiedemann (I, p. 14) : 

“adduce more or less ifee /oZlojOT^ig considerations : 
if the heterogeneous metal plates A ^d B are brought 
within a close distance of each other, they attract 
each other in consequence of the forces of adhesion. 
On mutual contact they lose the vis viva i of rhotion 
imparted to them by this attraction. (If we assume 
that, the molecules of the metals are in a state of 
permanent vibration, it could also happen that, if 
on contact of the heterogeneous metals the molecules 
not vibrating simultaneously come into contact, an 
alteration of their vibration is thereby brought about 
with loss of vis viva.) The lost vis viva is io a large 
exteni converted into heat. A small portion of it, 
however, is expended in bringing about a different 
distribution of the electricities previously unseparated. 
As we have already mentioneij above, the bodies 
brought together become charged with equal quanti- 
ties of positive and negative electricity, possibly as 
the result of an unequal attraction for the two 
electricities.” 

The modesty of the contact theory becomes greater 
and greater. At first .it is admitted that the powerful 
electric force of separation, which has later such a 
gigantic work to perform, in itself possesses no energy 
of its own, and that it cannot function if energy is not 
supplied to It from outside. And then it has allotted . 
to it a more than diminutive source of energy, the vi$ 
viva of adhesion, which only comes into play at scarcely 
measurable distances and which allows the bodies to 
travel a scarcely measiurable length. But it does not 
matter : it indisputably, exists and equally undeniably 

' * /.e. kinetic energy. r 
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vanishes on contact. But even this minute source still 
furnishes too much energy for our purpose : a large 
part is converted into hea| and only a small portion 
serves • to evhke the electric force of separation. Now, 
although it is well known that cases enough occur in 
nature where extremely minute impulses bring about 
extremely powerful effects, Wiedemann himself seems 
to feel that his hardly* trickling source of energy can 
with difficulty suffice here, and he seeks a possible 
second source in the assumption of an interference of the 
molecular vibrations of the two metals at the surfaces of 
contact. Apart from bther difficulties encountered here. 
Grove and Gassiot have shown that for exciting elec- 
tricity actual contact is not at all indispensable, as 
Wiedemann himself tells us on the previous page. In 
short, the more we examine it the more does, the source 
of. energy for the electric force of separation dwindle to 
nothing. 

Yet up to now we hardly know of any other source 
for the excitation of, electricity on metallic contact. 
According to Naumann {AUg. u. phys. Chemie [General 
and Physical Chemistry], Heidelberg, 1877, p. 676), 
“ the contact-electromotive forces convert heat into 
electricity ” ; he finds “ the assumption natural that 
the ability, of these forces to produce electric motion 
dqiends on the quantity of heat present, or, in other 
words, that it is a function of the temperature,” as has 
also been proved experimentally by Le Roux. Here 
too we find purselves groping in the dark. The law of 
the voltaic series of metals forbids us to have recourse 
to the* chemical processes that to a small extent are 
continn^lly taking place at the contact- surfaces, whicl 
are always covered by a thin layer of air and impure 
water, a layer as good as inseparable as faia as we are 
concerned. An electrolyte, should produce a constant 
current in the circuit, but the electricity of mere metallic 
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contact, on the contrary, disappears on closing the circuit. 
And here we come to the real point : whether, and in 
what manner, the production of a constant current on 
the contact of chemically indifferent bocfies is made 
possible by this “ electric force of separation,” which 
Wiedemann himself first of all restricted to metals, 
declaring it incapable of functioning without energy 
being supplied fropi outside, and then referred exclusively 
to a truly microscopical source of energy. 

The voltaic series arranges the metals in such a 
Sequence that each one behaves as electro-negative in 
relation to the preceding one and as elf^tro-positive in 
relation to the one that follows it. Hence if we arrange 
a series of pieces of metal in this order, e.g. zinc, tin, 
iron, copper, platinum. We shall be able to obtain 
differences of electric potential at the two ends. If," 
however, , we arrange the series of metals to form a 
circuit so that the zinc and platinum are in contact, 
the electric stress is at once neutralised and disappears. 
“ Therefore the production of a constant current of 
electricity is not possible in a closed circuit of bodies 
belonging to the voltaic series,” Wiedemann further 
supports this statement by the following theoretical 
consideration: 

“ In fact, if a constant electric current were to 
make its appearance in the circuit, it would produce, 
heat in the metallic conductors themselves, and this 
heating could at the most be counterbalanced by 
^cooling at the metallic junctions. In #my case it 
would give rise to ah uneven distribution of heat ; 
moreover an electro-magnetic motor could be driven 
continuously by the current without any sort of supply 
fironi outside, and thus work would be performed^ Which 
is impossible, since on firmly joinmg the metals, for 
instance *by soldering, no further changes 'to com-, 
pensate for this work could take place even at the 
(intact surfaces.” . ‘ 
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And not content with the theoretical and experi- 
ments proof that the contact electricity of metals by 
ftseU’cannot^produce any <Sirrent, we shall see too that 
Wiedemann finds himself compelled to put forward a 
special hypothesis to abolish its activity even where it 
might perhaps make itself evident in the current. 

Let us, therefore, t^ another way of passing from 
contact electricity to the currents Lei; us imagine, 
with Wiedemann, “ two metals, such as a zinc rod and 
a copper rod, soldered together at one end, but with their , 
free ends connected by a third body that does not act> 
eleetromotively- in relation to the two metals, but 
only eonducts the opposing electricities collected on 
its surfaces, so that they are neutralised in it. Then the 
electric force of separation would always restore the 
previous differeijce Of potential, thus a constant electric 
current would make its appearance in the circuit, a 
current that would be able to perform work without 
any compensation, which again is impossible. — ^Accord- 
ingly, there cannot be a body which only conducts 
electricity without electromotive activity in relation 
to the other bodies.” We are no better off than before : 
the impossibility of creating motion again bars the way. 
By the contact of chemically indifferent bodies, hence 
by contact electricity as such, we shall never produce a 
cuncnt. 

Let us therefore go back again and try a third way 
pointed out by Wiedemann : 

“ Finally, if we immerse a zinc plate and a copper 
plate* in a liquid that contains a so-called binary 
compound,! which therefore 'can be decomposed into 
two dhemically distinct constituents that completely 
saturate one- another, e.g. dilute hydrochloric acid 
(H-|-C1), etc., then according to paragraph 27 the 
zinc becomes negatively* charged and the copper 

1 As we should now say, an electrolyte. 
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positively. On joining the metals, these electricities 
neutralise one another through the place of contact, 
through which, therefore, a eurrent of positive elec- 
tricity flows from the copper to the zinc. Moreover, 
since the electric force of separation making its 
appearance on the contact of these two metals carries 
away the positive electricity in the ^ame direction, 
the effects of the electric fdrws of separation are not 
abolished as in a closed metallic circuit. Hence there 
arises a constant current of positive electricity, flowing 
in the closed circuit through the copper-zinc junction 
in the direction of the latter, and through the liquid 
from the zinc to the copper. We shall return in a 
moment (paragraph 84, et seq.) to the question how 
far the individual electric forces of separation present 
in the enclosed circuit really participate in the forma- 
tion of the current . — A combination of conductors 
providing such a ‘galvanic current*. we term "a 
galvanic element, or also a "galvanic battery.” 
.(I,p. 45.) 

Thus the miracle has been accomplished. By the 
mere electric contact force of separation, which, according 
to Wiedemann himi^elf, cannot be effective without 
energy being supplied from outside, a constant current 
has been produced. And if we were offered nothing 
more for its explanation than the above passage from 
Wiedemaim, it would indeed be an absolute miracle. 
What have we learned here about the process ? 

. 1, If zinc and copper are immersed in a liquid con- 
taining a so-called binary compound, then, according 
to parajgraph 27, the zinc becomes negatively charged 
and the cOpper positively charged. But in the whole 
of paragraph 27 there is no word of any binary compound. 
It d.es<aibes only a simple voltaic .element ftf a zinc 
plate and copper plate, with a piece of cloth moistened 
by an atAd liquid interposed between them, and then 
investigates, without mentioning any chemical processes, 
the suiting static-electric charges of the two metals. 
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Hence, the so-called binary compound has been smuggled 
in. hd« by the back-door. 

2. What thi$ binary comp<9und is doing here remains 
completely mysterious. The circumstance that it “ can 
be decomposed into two chemical constituents that fully 
saturate each other ” (fully saturate each other after 
they have been* decomppsed ? I) could at most teach 
us something new if it were actually to decompose. 
But we are not told a word about that, hence for the 
time being we have to assume that it does not decompose, 
€.g. in the case of paraffin. 

8. When the zinc in the liquid has been negatively 
charged, and the copper positively charged, we bring 
them into contact (outside the liquid). At once “ these 
electricities neutralise one another through the place of 
cohtact, through which therefore a current of positive 
electricity flows from the copper to the zinc.” Again, 
we do not learn why only a current of “ positive ” 
electricity flows in the one direction, and not also a 
current of “ negative ” electricity in the opposite 
du^ction. We do not learn at all what becomes of the 
negative electricity, which, hitherto, was just as necessary 
,as the positive ; the effect of the electric force of separa- 
tion consisted precisely in setting them free to oppose 
one another. Now it has been suddenly suppressed, 
as it were eliminated, and it is made to appear as if there 
erists only positive electricity. 

But then again, on p. 51, the precise opposite is said, 
for here “ the tledridties unite in one current ” ; conse- 
^ quently Jboth negative and positive flow in it I Who 
will rescue us from this confusion ? 

4. “M&reover, since the electric force of separation 
making its appearance on the contact with these two 
metals carries away the positive electricity in*ihe same 
direction, the effects of the electric forces of separation 
are not abolished as in a closed metallic circuit. Hence, 
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there arises a constant current,” etc.^ — ^This is a bit 
thick. For as we shall see a few pages later (p. 52), 
Wiedemann proves to us <;hat on the “ formation of a 
constant current ... the electric force of separation 
at the place of contact of the metals . . . must be 
inactive, that not only does a current occur even when 
tliis force, instead of carrying, away tfie positive elec- 
tricity in the same direction, acts in opposition to the 
direction of the current, but that in this case too it is 
not compensated by a definite share of the force • of 
separation of the battery and, hence, once again is 
inactive.” Consequently, how can Wiedemann on p. 45 
make an electric force of separation participate as h 
necessary factor in the formation of the current when 
on p. 52 he puts it out of action for the duration of the 
current, and that, moreover, by a, hypothecs erecfed 
specially for this purpose ? 

5. “ Hence there arises a constant current of positive 
electricity, flowing m the closed circuit from the copper 
through its place of ccmtact with the zinc, in the direction 
of the latter, and through the liquid fifom the zinc to^the 
copper.” — ^But in the case of such a constant electric 
current,. “ heat would be produced by it in the con- 
ductors themselves,” and also it would be possible for 
“ an electro-magnetic motor to be driven by it and thus 
work performed,” which, however, is impossible without 
supply of energy. Since Wiedemann up to now has not 
breathed a syllable as to whether such a supply of 
energy occiurs, or whence it comes, the constant current, 
so far remains just as much an impossibility as 4n both 
the previously investigated cases. 

No one feels this more than Wiedemanrf himself. 
So he finds it desirable to hurry as quickly as possible 
over the fiiany ticklish points of this remarkable explana- 
tion of current formation,* and instead to entertain the 
reader throughout several pages with all kinds of eleinai- 
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tary anecdotes alwut the thermal, chemical, magnetic, 
and physiological effects of this still mysterious current, 
in the course of which by way o^xception he even adopts 
a quite populaf tone. Then he suddenly continues 
(p. 49) : 

“ We have now to investigate in what way the 
electric forces of separsjtion are active in a closed 
circuit of two metals and a liquid, e.g. zinc, copper, 
and hydrochloric acid.” 

“ FFe know that when the exurent traverses the 
liquid the constituents of the binary compoimd (HCl) 
contained in it become separated in such a manner 
that one constituent (H) is set free on the copper, and 
an equivalent amount of the other (Cl) on the zinc, 
whereby the latter constituent combines with an 
equivalent amount of zinc to form ZnCl.” 

' • 

We know ! If we know this, we certainly do not know 
it from Wiedemann who, as we have seen, so far has not 
breathed a syllable about this process. Finrther, if we 
do know anything of this process, it is that it cannot 
proceed in the way described by Wiedemann. 

On the formation of a molecule of HCl from hydrogen 
and chlorine, an amount of energy =22,000 units of heat 
i5 liberated (Julius Thomsen). Therefore, to break 
away the chlorine from its combination with hydrogen, 
the same quantity of energy must be supplied from 
outside for each molecule of HCl. Where does the 
battery derive this energy ? Wiedemann’s description 
does not tell us, ^o let uS look for ourselves. 

When chlorine combines with zinc to form zinc 
diloride a* considerably greater quantity of energy is 
liberated than is necessary to separate chlorine &om 
hydrogen ; (ZnjClj) develops 97,210 and 2(H,C1) 44,000 
units of heat (Julius Thomsen). With that the process 
in the battery becomes comprehensible. Hence it 
is not, as Wiedemann relates, that hydrogen without 
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more ado is liberated from the copper, .and chlorine 
jEpom the zinc, “ 'whereby ” then subsequently and 
accidentally the zinc an^chlorine enter into combination. 
On the contrary, the union of the zinc with the chlorine 
is the essential, basic condition for the whole , process, 
and as long as this does not take place, one would wait 
in vain for hydrogen on the copper. <r 

The excess of energy liberated on formation of a 
molecule of ZnClj over that expended on liberating two 
atoms of H from two molecules of HCl, is converted in 
the battery into electric motion and provides the entire 
“ electromotive force ” that makes its appearance in 
the current circuit. Hence it is not a mysterious 
“ electric force of separation ” that tears asunder 
hydrogen and chlorine without any demonstrable source 
of energy, it is the total chemical process taking 
place in the battery that endows all the “ electric 
forces of separation ” and “ electromotive forces ” 
of the circuit with the energy necessary for their 
existence. 

For the time being, therefore, we put on record that 
Wiedemann’s second explanation of the current gives 
us just as little assistance as his first one, and let us 
proceed furthor with the text : 

“ This process proves that the behaviour of the 
binary substance between the metals does not consist 
merely in a simple predominant attraction of its 
entire mass for one electricity or the other,, as in the 
case of metals, but that in addition, a special action 
of its constituents is exhibited. Since the constituent 
Cl is given off where tiie Current of positive- electricity 
enters the fluid, and the constituent H where the 
negative electricity enters, vae assume "'■ that each 
equivalent of chlorine in the compound HGI is charged 
with* a definite amount of negative electricity deter- 
mining its attraction --by the entering po.sitive elec- 
tricity. It is the electro-niegative constituent of the 
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compound. Similarly the equivalent H must be 
charged Math positive electricity and so represent the 
electro-ppsitive constituent of the compound. These 
charges could be produced on the combination of 
H and Cl in just the same way a^ on the contact of 
zinc and copper. Since the compound HCl as such 
is non-electric, we must assume accordingly that in it 
•the atoms of the positive and negative constituents 
contain equal quantities of positive and negative 
electricity. 

If now a zinc plate and a copper plate are dipped 
in dilute hydrochloric acid, we can suppose that the 
zinc has a stronger attraction towards the electro- 
negative constituent (Cl) than towards the electro- . 
positive one (H). Consequently, the molecules of 
hydrochloric acid in contact with the zinc toould 
dispose themselves so that their electro-negative 
constituents are turned towards the zinc, and their 
electro-positive constituents towards the copper. 
Owing to the constituents when so aryanged exerting 
their electrical attraction on the constituents of the 
next molecules of HCl, the whole series of molecules 
between the zinc and copper plates becomes arranged 
as in Fig. 10 : 


-^■Zinc 


l__|_ — _|_ — _|_ — _j_ — 
P H Cl H Cl H Cl H Cl 




Copper -t- 


If the second metal acts on the positive hydrogen 
as the zinc does on the negative chlorine, it would 
help to promote, the arrangement. ■ If it acted in the 
opposite manner, only more weakly, at least the 
direction viould remain unaltered. 

By the influence exerted by the negative elec- 
tricity of tKe electro-negative constituent Cl adjacent 
to the zinc, the electricity would be so distributed in 
the zinc that places bn it which are close to the Cl of 
the immediately adjacent atomof acid would beconie 
charged positively, those farther away negatively. 
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Similarly,, negative electricity would accumulate in 
the copper next to the electro-positive constituent 
(H) of the adjacent atopa of hydrochloric acid,- and the 
- positive electricity would be driven to the more remote 
parts. 

Next, the positive electricity in the zinc would 
combine with the negative electricity of the imme- 
diately adjacent atom of Cj, and the latter itself with ' 
the zinc, to form non-electric ZnCh. The electro- 
positive atom H, which w'as previously combined 
with this atom of Cl, would unite with the atom of Cl 
turned towards it belonging to the second atom of 
HCl, with simultaneous combination of the electri- 
.cities contained in these atoms ; similarly, the H of 
the second atom of HCl would combine with the Cl of 
the third atom, and so on, until finally an atom of 
H would be set free on the copper, the positive elec- 
tricity of which woiild unite with the distributed 
negative electricity of the copper, so that it escapes 
in a non-electrified condition.” *This process would 
“ repeat itself until the repulsive action of the elec- 
tricities accumulated in the metal plates on the 
electricities of the hydrochloric acid constituents 
turned towards them balances the chemical attraction 
of the latter by the metals. If, however, the metal 
plates are joined by a conductor, the free electricities 
of the metal plates unite -with one another and the 
above-mentioned processes can recommence. In this 
way a constant current of electricity comes into beingJ 
— ^It is evident that in the course of it a continual loss 
of vis viva occurs, owing to the constituents of the 
binary, compound on their migration to the metals 
moving to the latter with a definite velocity and then 
coming to rest,, either with formation of a compound 
(ZnCIg) or by escaping in the free state (fi). (Note 
[by Wiedemann]: Since the gain in vis viva ron separa- 
tion of the constituents Cl and H ... is compensated 
by tl^ vis viva lost on the union of these constituents 
with the constituents of the adjacent atoms, the 
influence of this process' can be neglected.) This 
. loss of bis viva is equivalent to the quantity of heat 
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which is set free in the visibly occnrring chemical 
process, essentially,' therefore, that produced on 
the solution of an equivalenUof zinc in the dilute acid. 
This value must be the same as that of the work 
expended on separating the electricities. If, there- 
fore, the electricities unite to form a current, then, 
diming the solution of an equivalent of zinc and the 
giving off of an equivalent of hydrogen from the 
liquid, there must make its appearance in the whole 
circuit, whether in the form of heat or in the form of 
, external performance of work, ah amount of work that 
is likewise equivalent to the development of heat 
corresponding to this chemical process.” 

“ Let us assume — could — ^we must assume — ^we can 
suppose — ^would be distributed — ^would become charged,” 
etc.? etc. Sheer conjecture and subjunctives from which 
only three actual indicatives can be definitely extracted : 
firstly, that the combination of the zinc with the chlorine 
is now pronounced to be the condition for the liberation 
of hydrogen ; secondly, as we now learn right at the 
end and as it were incidentally, that the energy herewith 
liberated is the source, and indeed the exclusive source, 
of all energy required for formation of the current ; 
and thirdly, that this explanation of the current forma- 
tion is as directly in contradiction to both those pre- 
viously given as the latter, are themselves mutually 
contradictory. 

Ftttther it is said : 

• 

“ For the formation of a constant current, therefore, 

* there isf active wholly and solely the electric force 
of separation which is derived from the unequal 
attraction and polarisation of the atoms of the binary 
compound in the exciting liquid of the batjery by 
the metal electrodes ; at the place of contact of the 
metals, at which no further ‘mechanical changes can 

• occur, the electric force of separation must on ^ other 
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hand be inactive. That this force, if by chance it 
counteracts the electromotive excitation of the metals 
by the liquid (as on rimmersion of zinc and lead in 
potassium cyanide solution), is not ' compensated by 
a definite share of the force of separation at the place 
of contact, is proved by the above-mentioned complete 
proportionality of the total electric^brce of separation 
(and electromotive force) in the circuit, with the above- 
mentioned heat equivalent of the chemical process. 
Hence it must be neutralised in another way. This 
would most siniply occur on the assumption that on, 
contact of the exciting liquid with the metals the 
electromotive force is produced in a double mann^ ; 
on the one hand by an unequally strong attraction, 
of the mass of the liquid , as a whole towards one or 
the other electricity, on the other hand by the unequal 
attraction of the metals towards the constituents oi 
the liquid charged with opposite electricities.''. . . 
Owing to the former unequal (mass) attraction to- 
wards the electricities, the liquids would fully conform 
to. the law of the voltaic series of metals, and in a 
closed circuit . . . complete neutralisation to zero pf 
the electric forces of separation (and electromotive 
forces) take place ; the second {chemical) action ... 
on the other hand would be provided solely hy the 
electric force of separation necessary for formatipn 
of the current and the corresponding electromotive 
force.” (I, pp. 52-8.) 

Herewith the last relics of the contact theory are now 
happily eliminated from formation of the current, and 
simultaneously also the last relics of Wiedemaim’s first 
explanation of current formation given on p. 45. It is 
finally conceded without reservation that tJie galvanic 
battery is a simple apparatus for convertihg liberated 
chemical energy into electric moti^, into so-called 
eleetrfc force of separation and electromotive force, 
in exactly the same ifay_as the steam engine is an 
apparatus for converting heat ^ergy into mechanical 
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motion. In the one case, as in the other, the apparatus 
provides only the conditions for liberation and further 
transformation of the energy, Jbut supplies no energy 
on its own account. This once established, it remains 
for us now to make a closer examination of this 
third version of Wiedemann’s explanation of the 
tjurrent. * 

How are the energy transformations in the circuit of 
the battery represented here ? 

It is evident, he says, that in the battery 

“ a continual loss of vis viva occurs, ow'ing to the 
constituents of the binary compound on their migra- 
tion to the metak moving to the latter with a definite 
velocity and then coming to rest, either with forma- 
tion of a compound (ZnCl2) or by escaping in the free 
st^te (H). 

This loss is equivalent to the quantity of heat 
. which is set free in- the visibly occurring chemical 
process, essentially, therefore, that produced on the 
solution of an equivalent of zinc in the dilute acid.” 

Firstly, if the process goes on in 'pure form, no heat at 
all is set free in the battery on solution of the zinc ; the 
lit>erated energy is indeed converted directly into elec- 
tricity and only from this converted once again into heat 
by the resistance uf the whole circuit. 

Secondly, vis viva is half the product of the mass and 
the square of the velocity. Hence the above statement 
would read : tl^e energy set free on solution of an 
equivalent of zinc in dilute hydrochloric acid,=so many 
calories, is* likewise equivalent to half the product of 
the mass of,the ions and the square of the velocity with 
which they migrate to the metals. Expressed in this 
way, the sentence is obviously false ; the vis viva appear- 
ing on the migration of the iojjs is far removed from 
Ijcing equivalent to the energy set free by the chemical 
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process. 1 But if it were to be so, no current would 
be possible, since there would be no energy remaining 
over for the current inothe remainder of thd circuit. 
Hence the further remark is introduced that the ions 
come to rest “ either with formation of a compound 
(ZnCl 2 ) or by escaping in the free state.” But if the 
loss of bis viva is to include also tKe energy changes'' 
taking place on these two' processes, then we have 
indeed arrived at a deadlock. For it is precisely to the^ 
two processes taken together that we owe the whole, 
liberated energy, so that there can be absolutely no 
question here of a loss of ids viva, but at most of a 
gain. 

It is therefore obvious that Wiedemann himself did 
not mean anything definite by this sentence, rather the 
“ loss of ids viva ” represents only the dem ex madiina 
which is to enable him to make the fatal leap from the 
old Contact theory to the chemical explanation of the 
current. In point of fact, the loss of vis viva has now 
performed its function and is dismissed ; henceforth 
the chemical process in the battery has undisputed sway 

^ F. Kohlrausch has recently calculated (Wiedemann’s Annalen, 
VI, p. 206) that “ immease forces ” are required to drive the ions through 
the water solvent. To cause one milligram to move through a distance 
of one millimetre requires an attractive force which for H= 32,500 kg., 
for Cl ==5,200 kg., hence for HCI=3t,700 kg.— Even if these figures 
are absolutely correct, they do not affect what has been said above. 
But the calculation contains the hypothetical factors hitherto inevitable 
in the sphere of electricity and therefore requires control by experiment.^ 
Such control appears possible. In the first place, these “immense 
forces ” must reappear as a definite quantity of energy in the place 
where they are consumed, t.e. in the above case in the battery. Secondly, 
the energy consumed by them must be smaller thl^ that supplied by 
tlie chemical processes of the battery, and there should be a definite 
difference. Thirdly, this difference must be used up inPthe rest of 
the circuit and likewise be quantitatively demonstrable there. Only 
after confirmation by this control can the above figures be regarded as 
final. The demonstration in the decomposition cell appears still more 
susceptible of realisation. (Note by F. Engels,) 

Aetu&lly the hypothesis vras incorrect. It is now believed that 
when HCl is dissolved in water^it is almost completely broken up into 
positive It ions and negative Cl ions, which do not require “ immense 
ibrc(‘s to drive them. Engels was fully justified in his scepticismi. 
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as the sole source of energy for current formation, and 
the only remaining anxiety of our author is as to how he 
can poKtely ge|; rid from the current of the last relic of 
excitation of electricity by the contact of chemically 
indifferent bodies, namely, the force of separation active 
at the place of contact of the two metals. 

Reading the sfbove explanation of current formation 
given by Wiedemann, one could believe oneself in the 
presence of a specimen of the kind of apologia that wholly- 
and half-credulous theologians of almost forty years 
ago employed to meet the philologico-historical bible 
criticism of Strauss, Wilke, Bruno Bauer, etc. The 
method is exactly the same, and it is bound to be so. 
For in both cases it is a question of saving the heritage 
of tradition from scientific thought. Exclusive empiri- 
cism, which at most allows thinking in the form of 
mathematical calculation, imagines that it operates only 
with undeniable facts.' In reality, howev'er, it operates 
predominantly with out-of-date notions, with the 
largely obsolete products of thought of its predecessors, 
and.such are positive and negative electricity, the electric 
force of separation, the contact theory. These serve it 
,as the foundation of endless mathematical calculations 
in which, owing to the strictness of the mathematical 
formulation, the hypothetical nature of the premises 
gets comfortably forgotten. This kind of empiricism 
is as credulous towards the results of the thought of its 
predecessors as it is sceptical in its attitude to the results 
of contemporary thought. For it the experimentally 
^ established facts have gradually become inseparable 
from the traditional interpretation associated with 
them ; the simplest electric phenomenon is presented 
falsely, e.g. by smuggling in the two electricities ; this 
empiricism cannot any longer describe the facts fforrcctly, 
because the traditional interptotation is ■woven into the 
description. In short, we have here in the field of the 
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theory of electricity a tradition just as highly developed 
as that in the field of theology. And since in both 
fields the results of recent research, the es^blishment of 
hitherto unknown or disputed facts and of the necessarily 
following theoretical conclusions, run pitilessly counter 
to the old traditions, the defenders of these traditions 
find themselves in the direst dilemma.' They have to 
resort to all kinds of subterfuges and untenable expedir 
entSjto the glossing over of irreconcilable contradictions, 
and thus finally land themselves into a medley of con- 
tradictions from which they have no. escape. It is this 
faith in all the old theory of electricity that entangles 
Wiedemann here in the most hopeless contradictions, 
simply owing to the hopeless attempt to reconcile 
rationally the old explanation of the current by “ contact 
force,” with the modem one by liberation of chemical 
energy. 

It will perhaps be objected that the above criticism 
of Wiedemann’s explanation, of the current rests on 
juggling with words. It may be objected that, al- 
. though at the beginning Wiedemann expresses himself 
somewhat carelessly and inaccurately, still he does 
finally give the correct account in accord with the 
principle of the conservation of energy and so sets 
everything right. As against this view, we give below 
another example, his description of the process in the 
battery : zinc— dilute sulphuric acid — copper : 

■ “ If, however, the two plates are joined by a wire, a 
galvafiic current, arises. . . . By Ihe electrolytic process, 
6ne equivalent of hydrogen is given off at the copper 
plate from the water of the dilute sulphuric add, 
this hydrogen escaping in bubbles. At the zinc 
there is formed one equivalent of oxygen which 
omdisei? the zinc to form zinc oxide, the latter becoming 
dissolved in the surrounding acid to form sulnhuric 
zinc oxide.” (I, pp. 592-3.) 
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To break up water into hydrogen and oxygen requires 
an amount of energy of ‘ 69,924 heat-units for each 
molecule of water. From where then comes the energy 
in the above cell ? “ By the electrol3rtic process.” 

And from where does the electrolytic process get it ? 
No answer is given. 

But Wiedemann further tells us, not once, but at least 
twice (I, p. 472 and p. 614 ), that “ according to recent 
knowledge the water itself is not decomposed,” but that 
in our case it is the sulphuric acid H2SO4 that splits 
up into Hj on the one hand and into SOs+O on the 
other hand, whereby uiider suitable conditions H3 
and O can escape in gaseous form. But this alters the 
whole nature of the process. The H2 of the H2SO4 is 
directly replaced by the bivalent zinc, forming zinc 
sulphate, ZnS04. There remains over, on the one side 
Ha, on the other SO3-I-O. The two gases escape in the 
proportions in which they unite to form water, the SO3 
unites with the water of the solvent to reform H2SO4, 
i,e. sulphuric acid. The formation of ZnS04, however, 
develops sufficient energy not only, to replace and . 
liberate the hydrogen of the sulphuric acid, but also to 
, leave over a considerable excess, which in our case is 
expended in forming the current. Hence .the zinc does 
not wait until the electrol5rtic process puts free oxygen 
at its disposal, in order first, to become oxidised and 
then to become dissolved in the acid. On the contrary, 
it enters directly into the process, which only comes 
into being at sdl this ‘participation of the zinc. 

^ We see here how obsolete chemical notions come to 
the aid of the obsolete contact notions. According to 
modem "Wows, a salt is an acid in which hydrogen has 
been replaced by a metal. The process under investi- 
gation confirms this view ; the direct replacement of the 
hydrogen of the acid by tHe zinc fully explains the 
energy change. The old view, adhered to by Wlede- 
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theory of electricity a tradition just as highly developed 
as that in the field of theology. And since in both 
fields the results of recent research, the es^tablishment of 
hitherto unknown or disputed facts and of the necessarily 
following theoretical conclusions, run pitilessly counter 
to the old traditions, the defenders of these traditions 
find themselves in the direst dilemma,' They have to 
resort to all kinds of subterfuges and untenable expedi- 
ents, to the glossing over of irreconcilable contradictions* 
and thus finally land themselves into a medley of con- 
tradictions from which they have no, escape. It is this 
faith in all the old theory of electricity that entangles 
Wiedemann here in the most hopeless contradictions, 
simply owing to the hopeless attempt to reconcile 
rationally the old explanation of the current by “ contact 
force,” with the modem one by liberation of chemi<5al 
energy. 

It will perhaps be objected that the above criticism 
of W’iedemann’s explanation of the current rests on 
juggling with words. It may be objected that, al- 
though at the beginning Wiedemann expresses himself 
somewhat carelessly and inaccurately, still he does 
finally give the correct account in accord with the 
principle of the conservation of energy and so sets " 
everything right. As against this view, we give below 
another example, his description of the process in the 
battery : zinc— dilute sulphuric acid — copper : 

“ If, however, the two plates are joined by a wire, a 
galvafiic current arises. . . . By the eledrolytic process, 
toe equivalent of hydrogen is given off at the copper - 
plate from the water of the dilute sulphuric acid 
this h^rogen escaping in bubbles. At the zinc 
there is formed one equivalent of oxygen which 
oadisd? the zinc to form zinc oxide, the latter becoming 
dissolved in the surrounding acid to form sulnhurie 
zinc oxide.” (I, pp. 592-3.) , 
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To break up water into hydrogen and oxygen requires 
an amount of energy of ‘ 69,924 heat-units for each 
molecule of water. From where then comes the energy 
in the above cell ? “ By the electrolytic process.” 

And from where does the electrolytic process get it ? 
No answer is given. 

But Wiedemann further tells us, not once, but at least 
twice (I, p. 472 and p. 614 ), that “ according to recent 
knowledge the water itself is not decomposed,” but that 
in our case it is the sulphuric acid H2SO4 that splits 
up into H2 on the one hand and into SO3+O on the 
other hand, whereby uiider suitable conditions Hg 
and 0 can escape in gaseous form. But this alters the 
whole nature of the process. The H2 of the H2SO4 is 
directly replaced by the bivalent zinc, forming zinc 
sulphate, ZnS04. There remains over, on the one side 
H2, on the other SO3+O. The two gases escape in the 
proportions in which they unite to form water, the SO3 
unites with the water of the solvent to reform H2SO4, 
i.e. sulphuric acid. The formation of ZnS04, however, 
develops sufficient energy hot only to replace and 
liberate the hydrogen of the sulphuric acid, but also to 
» leave over a considerable excess, which in our case is 
expended in forming the current. Hence .the zinc does 
not wait until the electrolytic process puts free oxygen 
at its disposal, in order first, to become oxidised and 
then to become dissolved in the acid. On the contrary, 
it enters directly into the process, which only comes 
into being at sAl by this 'participation of the zinc. 

We see here how obsolete chemical notions come to 
the aid of the obsolete contact notions. According to 
modern f iews, a salt is an acid in which hydrogen has 
been replaced by a metal. The process under investi- 
gation confirms this view ; the direct replacement of the 
hydrogen of the acid by tUe zinc fully explains the 
energy change. The old view, adhered to by Wiede- 
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mann, regards a salt as a compound of a metallic oxide 
• with an acid and therefore speaks of sulphuric zinc 
oxide instead of zinc su^hate. But to arrive* at sul- 
phui'ic zinc oxide in our battery of zinc and sulphuric 
acid, th6 zinc must first be oxidised. In order to oxidise 
the zinc fast enough, we must have free oxygen. In 
order to get freeoxygen, we must assume — since hydrogen 
appears at the copper plate — ^that the water is de- 
composed. In order to decompose water, we need 
tremendous energy. How are we to get this ? Simply 
“ by the electrolytic process ” which itself cannot come 
into operation as long as its chemical end product, the 
“sulphuric zinc oxide,” has not begun to be formed. 
The child gives birth to the mother. 

Consequently, here again Wiedemann puts the whole- 
course of the process absolutely the wrong way rodnd 
and upside down. And the reason is that he lumps 
together active and passive electrolysis, two directly 
opposite processes, simply as electrolysis. 

So far we have only examined the events in the bajfctery, 

. i.e, that process in which an excess of energy is set 
by chemical action and is converted into electricity by 
the arrangements of the battery. But it is well knowi^ 
that this process can also be reversed : the electricity 
of a constant current produced in the battery from 
chemical energy can, in its turn, be reconverted into 
chemical energy in a decompositipn cell inserted in the 
circuit. The two processes are obviously the opposites 
of each other; if the first is regarded as chemicp- 
electric, then the second is electro-chemical. Both can 
take place in the same circuit with the same substances." 
Thus, the voltaic pile from gas elements, the •current of 
which is produced by the union of hydrogen and oxygen 
to fprm'f water, can, in a decomposition cell inserted 
in the circuit, furnish l^drogen and oxygen in the 
proportion in which they form water. The usual mode 
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of view lumps these two opposite processes together 
under the single expression : electrolysis, and does not 
even di^inguish between active and passive electrolysis* 
between an exciting liquid and a passive electrolyte. 
Thus Wiedemann treats of electrolysis in general for 
118 pages and then adds at the end some remarks on 
•“electrolysis in fhe battepr,” in which, moreover, the 
processes in actual batteries only occupy the lesser part 
of the seventeen pages of this section. Also in the 
. “ theory of electrolysis ” that follows, this contrast of 
battery and decomposition cell is not even mentioned, 
and anyone who looked for some treatment of the energy 
changes in the circuit in the next chapter, “ the influenee 
of electrolysis on the conduction resistance and the 
electromotive force in the circuit ” would be bitterly 
disappointed. 

Let us now consider the irresistible “ electrolytic 
process ” which is able to separate from O without 
visible supply of energy, and which plays the same 
' role in the present section of the book as did previously 
the inysterious “ electric force of separation.” 

“Besides the primary, purely electrolytic process of 
separation of the ions, a quantity of secondary, purely 
(diemiccd processes, quite independent of the first, take 
place by the action of the ions split off by the current. 
This action can take place on the material of the elec- 
trodes and on the bodies that are decomposed, and in 
the case of solutions also on the solvent.” (I, p. 481 .) 
Let us return to the above-mentioned battery : zinc 
and copper in dilute sulphuric acid. Here, according 
to Wiedemann’s own statement, the separated ions are 
the H2 and O of the water. Consequently for him the 
oxidation of the zinc and the formation of ZnS04 is a 
secondary, purely chemical process, independenS of the 
electrolytic process, in spite of the feet tliat it is only 
through it that the primary process becomes possible. 
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Let us now examine somewhat in detail the confusion 
that must necessarily arise from this inversion of the 
true course of events.. ^ '• 

Let us consider in the first place the so-called secondary 
processes in the decomposition cell, of which Wiedemaim 
puts forward some examples ^ (pp. 481, 482). 

I. “ The electrolysis of Na2S04 dissolved in water. 
This “ breaks up . . . into 1 equivalent of SOs-f 0 
. . . and 1 equivalent of Na. . . . The latter, 
however, reacts on the water solvent and splits 
off from it 1 equivalent of H, while 1 equivalent of 
sodium is formed and becomes dissolved in the 
surrotmding water.” 

The equation is 

Na2S04 -t-2H20=0 -}-S03 -f-2NaOH-|-2H. «> 

In fact, in this example the decomposition 
]N'a2S04 =Na2 ^“S03 -f-O 

could be regarded as the primary electro-chemical 
process, and the fiurther transformation 

N^a2 “j“2H20 =2NaHO -|“2H 

as the secondary, purely chemical one. But this .. 
secondary process is effected immediately Sjt the electrode 
where the hydrogen appears, the very considerable 
quantity of energy (111,810 heat-units for Na, O, H, aq. 
according to Julius Thomsen) thereby liberated is 
therefore, at least for the most part, converted into 
electricity, and only a portion in the cell is transformed 
directlj’' into heat. But the latter can also h^pen to 
the chemical energy directly or primarily liberated in 
the battery. The quantity of energy which has thus 

* It mar be noted here once for all that Wiedemann employs 
throughout the old chcinieul equivalent valuer, tiTiting IK), ZnCI, 
etc. In my equations, the mo<)%m atomic weights are everywhere 
employed, putting, tljcrcfore, H,0, ZnC’l,, etc. [.Vo/< by F. Engels.] 
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become available and converted into electricity, how- 
ever, is to be subtracted from that which the current 
has t« supply for continvj,ed decomposition of the 
Na 2 S 04 . If the conversion of sodium into hydrated 
oxide appeared in the first moment of the total process 
as a secondary process, from the second moment on- 
wards it becomes an essential factor of the total process 
and so ceases to be secondary. 

But yet a third process takes place in this decom- 
position cell : SO3 combines with HgO to form H2SO4, 
sulphuric acid, provided the SO3 does not enter into 
combination with the metal of the positive electrode, in 
which case 'again energy would be liberated. But this 
change does not necessarily proceed immediately at 
the electrode, and consequently the quantity of energy 
(21,320 heat-units, J. Thomsen) thereby liberated 
becomes converted wholly or mainly into heat in the 
cell itself, and provides at most a veiy small portion 
of the electricity in the current. The only really 
secondary process occurring in this cell is therefore not 
mentioned at all by Wiedemann. 

II. “ If a solution of copper sulphate is electrolysed 
between a positive copper electrode and a negative 
one of platinum, 1 equivalent of copper separates out 
for 1 equivalent of water decomposed at the negative 
platinum electrode, with simultaneous decomposition 
of sulphuric acid in the same current circuit ; at the 
positive electrode, 1 equivalent of SO4 should make its 
appearance ; but this combines with the copper of the 
electrode to’ form one equivalent of CUSO 4 , which 
beconies dissolved in the water of the electrolysed 
solution,” 

In the modern chemical mode of expression we have, 
therefore, to represent the process as follmvs : popper is 
deposited on the platinum ; ,the liberated SO4, which 
cannot exist by itself, splits up into SOs-f-O, the latter 
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escaping in the free state ; the SO3 takes up H^O from 
the aqueous solvent and forms HoSO^, ’which again 
combines with the copper of the electrode to form 
CUSO4, Ho being set free. Accurately speaking, we 
have here three processes : (1) the separation of Cu and 
SO4 ; (2) S03“j“0+H20=H2S04-[-0 ; (3) H2S04-f*Cu=: 
H2 +CUSO4. It is natural to regard the first as primary, 
the two others as secondary.'^ But if we inquire into 
the energy changes, we find that the first process is 
completely compensated by a part of the third ; the 
separation of copper from SO4 by the reuniting of both 
at the other electrode. If we leave out of account the 
energy required for shifting the copper from one electrode 
to the other, and likewise the inevitable, not accurately 
determinable, loss of energy in the cell by conversion 
into heat, we have here a case where the so-called primary 
process withdraws no energy from the current. The 
current provides energy exclusively to make possible 
the separation of H2 and O, which moreover is indirect, 
and this proves to be the real chemical result of the whole . 
process — Whence, for carrying out a secondary^ or even 
tertiary, process. 

Nevertheless, in both the above examples, as in other 
cases also, it is undeniable that the distinction of primary*^ 
and secondary processes has . a relative justification. 
Thus in both cases, among other things, water also is 
apparently decomposed and the elements of water given 
off at the opposite electrodes. Since, according to the 
most recent experiments, absolutely pu^e water comes 
as near as possible to being an ideal non-conductor, 
hence also a non-electrolyte, it is important to $lhow that 
in these and similar cases it is not the water that, is 
directly electro-chemically decomposed, but that the 
elements^ of water are separated from the acid, in the 
formation of which here ^it is true the water solvent 
.must participate. 
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III. “ If one electrolyses hydrochloric acid simul- 
taneously in two U-tubes . . . using in one tube a 
zinc positive ejectrode and ia the other tube one of 
copper, then in the first tube a quantity of zinc 
82‘58 is dissolved, in the other a quantity of copper 
2X82-7.” 

* For the time being let ps leave the copper out of 
account and consider the zinc. The .decomposition of 
HCl is regarded here as the primary process, the solution 
of Zn as secondary. 

According to this conception, therefore, the current 
brings to the decomposition cell from outside the energy 
necessary for the separation of H and Cl, and after tWs 
separation is completed the Cl combines with the Zn, 
wherqby a quantity of energy is set free that is subtracted 
from'that required for separating H and Cl ; the current 
needs only therefore to supply the difference. . So fa* 
everything agrees beautifully; but if we consider the 
two amounts of energy more closely we find that the 
one liberated on the formation of ZnCl 2 is larger than 
that used up in separating 2 HCI ; consequently, that 
Ihe current not only does not need to supply energy, 
bat on the contrary receives energy. We are no longer 
confronted by a passive electrolyte, but by an exciting 
fluid, not a decomposition cell . but a battery, which 
strengthens the current-forming voltaic pile by a new 
element ; the process which we are supposed to conceive 
as secondary becomes absolutely primary, becoming the 
source of energy* of the whole process and making the 
latter independent of the current supplied by the voltaic 
pfle. ^ * 

We see clearly here the source of the whole confusion 

prevailing in Wiedemann’s theoretical description. 

Wiedemann’s point of departure is electrolysis ; "smether 

this is active or passive, battery or decompprition cell, is 

all one to him : saw-bones is s&w-bones, as the sergeant- 
♦ 
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major said to the doctor of philosophy doing his year’s 
military service. And since it is easier to study 
electrolysis in the deconSposition cell than in the battery, 
he does, in fact, take the decomposition cell as his point of 
departure, and he makes the processes taking place in it, 
and the partly justifiable division of theih into primary 
and secondary, the measure of the altogether reversS 
processes in the battery, not even noticing \^hen his 
decomposition cell becomes surreptitiously transformed 
into a battery. Hence he is able to put forward the 
statement : “ the chemical affinity that the separated 
substances have for the electrodes has no influence on 
the electrolytic process as such ” (I, p. 471), a sentence 
which in this absolute form, as we have seen, is totally 
false. Hence, further, his threefold theory of current 
formation : firstly, the old traditional one, by iheans 
of pure contact ; secondly, that derived by means of 
the abstractly conceived electric force of separation, 
which in an inexplicable manner obtains for itself or 
for the “ electrolytic process ” the requisite energy 
for splitting apart the H and Cl in the battery and for 
forming a current as well ; and finally, the modern, 
chemico-electric theory which demonstrates the source 
of this energy in the algebraic sum of the chemical 
reactions in the battery. Just as he does not notice that 
the second explanation overthrows thb first, so also he 
has no idea that the third in its turn overthrows the 
second. On the contrary, the principle of the conserva- 
tion of energy is merely added in sf quite superficial 
way to the old theory handed down from routine, just 
as a new geometrical theorem is appended to an earliCT 
one. He has no inkling that this principle maizes 
necessary a revision of the whole traditional point of 
view fn this as in all other fields of natural science. 
Hence Wiedemann confibes himself to noting theprinciple 
io his explanation of the.current, a^d then calmly puts 
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it on one side, taking it up again only right -at the 
end of the book, in the chapter on ttie work per- 
formed by the current. Even ‘’in the theory of the 
excitation of electricity by contact (I, p. 781 et seq.) 
the conservation of energy plays no role at all in 
relation to the chief subject dealt with, and is only 
incidentally brought in for tluuwing light oh sub- 
sidiary matters : it is and remains a “ secondary 
process.” 

•Let us return to the above example III. There the 
same current was used to electrolyse hydrochloric acid 
in two U-tubes, but in one there was a positive electrode 
of zinc, in the other, the positive electrode used was of 
copper. According to Faraday’s basic law of electrolysis, 
the same galvanic current decomposes in each cell 
equiv^ent quantities of electrolyte, and the quantities 
of the substances liberated at the two electrodes are also 
in proportion to their* equivalents (I, p. 470). In the 
above case it was found that in the first tube a quantity 
of zinc 82*53 wa.s dissolved, and in the other a quantity 
of copper 2x81*7. “Nevertheless,” continues Wiede- 
mann, “ this is no proof for the equivalence of these 
values. They are observed only in the case of very weak 
currents with the formation of zinc chloride ... on 
the one hand, and of copper chloride . . . oh the other. 
In the case of denser currents, with the same amount 
of zinc dissolved, the quantity of dissolved copper would 
sink with formation of increasing quantities of chloride 
... up to 81*7.”« 

It is weir known that zinc forms only a single com- 
pound with chlorine, zinc chloride, ZnCl ; copper on 
the other h^d forms two compounds, cupric chloride, 
CuCl 2 , and cuprous chloride, CU 2 CI 2 . Hence the process 
is that the weak current splits off two copper atoms 
from the electrode for each two chlorine atoms, the 
two ccppcr atoms remaining united by one of their two 
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valencies, while their two free valencies unite with the 
two chlorine atoms : 

e Cu— Cl 
Cu— Cl 

On the other hand, if the current becomes stronger, it 
splits .the copper atoms apart altogether, and each one 
unites with two chlorine atoms. 

Cl 

/ 

■ Cu 

\ ‘ 

Cl 

In the case of currents of medium strength, both com- 
poimds are formed side by side. Thus it is solely the 
strengthofthecurrentthatdeterminestheformationofone 
or the other compound, and therefore the process is ^senti- 
ally electro-chemical, if this word has smy meaning at all. 
Neverthdess Wiedemann declares explicitly that it is 
secondary, hencenotelectro-chemical,butpurely chemical. 

The aboVe experiment is one performed by Renault 
(1867) and is one of., a whole series of similar experiments 
in which the same current is led in one U-tube: through 
salt solution (positive electrode — zinc), and’ in anotjier 
cell through a varying electrolyte with various metals 
as the positive electrode. The amounts of the other 
metals dissolved here' for each equivalent of zinc diverged 
vety considerably, aifd Wiedemann gives the resiilts of 
the whole series of experiments which, however, in 
point of fact, are mostly self-evident chemically and 
could not be otherwise. Thus, for one equivalent of 
zinc, only two-thirds of an equivalent of gol<f is dissolved 
in hydrochloric acid. This can only appeaer remarkable 
if, like Wiedemann, one adheres to the old equivalent 
\ 7 eigbts and’ writes ZnCl for zinc chloride, according 
to which both the chlorine and the zinc appear in the 
chloride with only a single valency. In reality tWo 
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atoms are included to one zinc atom, ZnCl2, 
and as soon as we know this formula we see at once that 
in the above detenpination of eqilivaldats, the chlorine 
a tom is to be taken as the unit and not the zinc atom. 
Xhe formula for gold chloride, however, is AiiCla, from 
which it is at once seen that 8ZnGl2 contains exactly 
asinuch chlorine as 2AUCI3, an^ so all primary, secondary, 
and tertiary j^rocesses in the battery or cell are compelled 
to transform, for each part by weight ^ of zinc converted 
into zinc chloride, neither more nor less than two-thirds 
of a part by weight of gold into gold chloride. This 
holds absolutely unless the compound AuCls ^ also 
could be prepared by galvanic means, in which case 
two equivalents of gold even would have to be dissolved 
for one equivalent of zinc, when also similar variations 
accordiflg to the current strength could occur as in the 
case of copper and chlorine mentioned above. The 
value of Renault’s researches consists in the fact that 
they show how Faraday’s law is confirmed by facts that 
appear to contradict it. • But what they are supposed to 
contribute in throwing light on secondary processes in 
electrolysis is not evident. 

VQedemann’s third example led us. again from the 
decomposition cell to the battery, ahd in fact the battery 
offers by far the greatest interest when one investigates 
the electrolytic processes in relation to the transforma- 
tions of energy taking place. Thus we not infrequently 
encounter batteries in which the chemico-electric pro- 
cesses seem to take* place in direct contradiction to the 
law of the conservation of energy and in opposition .to 
chemical^ affinity. 

According to Poggendorff’s measurements, the 
battery : zinc — concentrated salt solution — ^platinum, 

' As it stands this is untrue. Probably “part by weight ”*is a 
slip of Engels' pen for “ equivalent by weight ” or some such phrase. 

• A^in this does not make sense as it stands. Presumablv Engels 
meant to refer to a hypothetical AuCl. 
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provides a current of strength 184-6. Hence we have 
We quite a respectable quantity of electricity, one- 
third more than in the Daniell cell. . What i^ the soittce 
of the energy appearing here as electricity ? The 
“ primary ” process is the replacement of sodium in 
the chlorine compound by zinc. But in ordinary 
chemistry it is not zinc that replafces sodiutn, but 
versa., sodium replacing zinc from cKlorinte and other 
compoimds. The “ primary ” process, far from being 
able to give the current the above quantity of energy, 
on the contrary requires itself a supply of energy from 
outside in order to come into being. Hence, with the^ 
mere “ primary ” process we are again at a standstill. 
Let us look, therefore, at the real process. We find that 
the change is not 

Zn -f 2NaCl =ZnCl, 2 +2Na, 

but 

Zn +2NaCl + 2 H 2 O =ZnCl 2 -f 2NaOH +H 2 . 
in other words, the sodium is not split gff in the free 
state at the negative electrode, but forms a hydroxide 
as in the above example I (pp. 118-119). To calculate 
the energy changes taking place here, Julius Thomsert’s 
determinations provide us at lenst with certain important 
data. According” ta them,- the energy liberate<f on 
combination is as follows : 

(ZnCla) =97,210, (ZnClg, aqua) =15,680, 
making a total for dissolved 

zinc chloride =112,840 heat-units, 

2 (Na, O, H, aqua) . :^ 228,620 „ „ 

. 886,460 „ „ 

Deducting consumption of energy on the separations : 
2(Na,Cl, aq.) =198,*020heat-units. 

2(H^,0) = 186;720 „ „ 

829,740 „ ‘ „ 

The excess of liberated energy equals 6,720 heat-units. 
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This amount is obviously small for the current strength 
obtained, but it suffices to explain, on the one hand, the 
separation of the sodium from chlorine, and on,the other 
hand, the ciuren# formation in general. 

We have here a striking example of the fact that the 
distinction of primary and secondary processes is purely 
{elative and leads ns ad absurdum as soon as we take it 
absolutely. Tlje primary .electrolytic process, taken 
aJbne, not only cannot produce any current, but eaimot 
even take place itself. It is only the secondary, 
tetensibly purely chemical process that makestheprjmary 
one possible and, moreover, supplies the whole surplus 
energy for current formation. In reality, therefore, it 
proves to be the primary process and the other the 
secondary one. When the rigid differences and opposites, 
as iigagined by the metaphysicians and metaphysical 
natural scientist;?, were dialectically reversed into theii* 
opposites by Hegel, it was said that he had twisted the 
words in their mouths. But if nature itself proceeds 
exactly like old Hegel, it is surely time to examine the 
matter more closely. 

With greater justification one can regard as secondary 
those processes which, while taking place in consequence of 
the chemico-electric process of the battery or the electro- 
chemical process of the decomposition cell, do so inde- 
pendently and separately, occurring therefore at the 
same distance from the electrodes. The energy changes 
taking place in such secondary processes likewise do not 
enter into the electric process ; directly they neither 
withdraw energy from it nor supply energy \o it. Such 
processes occur very frequently in the decomposition 
cell ; we saw an instance in the example I above oh the 
formation of sulphuric acid during electrolysis of sodium 
sulphate. They are, however, of lesser interest here. 
Their occurrence in the battery, on the other han^, is of 
greater ' practical importance. *For although they do 
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not directly supply energy to, or withdraw it from, the 
chemico-electric process, nevertheless they alter the 
totsd available energy present in the battery ^nd thus 
affect it indirectly. * 

There belong here, . besides subsequent chemical 
changes of the ordinary kind, the phenomena that occur 
when the ions are liberated at the electrodes in a different 
condition from that in whioh they usually occur in the* 
free state, and when they pass over to the latter only 
after moving away froin the electrodes. In such cases 
the ions can assume a different density or a different 
state of aggregation. They can also undergo considerable 
changes in regard to their molecular constitution, and 
this case is the most interesting. In all these cases, an 
analogous heat change corresponds to the secondary 
cheniical or physical change of the ions taking place at a 
Certain distance from the electrodes; usually h^t is' 
set free, in some cases it is consumed. This heat change ' 
is, of course, restricted in the first place to the place 
where it occurs : the liquid in the battery or decomposi- 
tion cell becomes warmer or cooler while the rest of the 
circuit remains unaffected. Hence this heat is called 
local heat. The liberated chemical energy available 
for conversion into electricity is, therefore, diminished 
or increased by the equivalent of this positive or negative 
local heat produced in the battery. According to Favre, 
in a battery with hydrogen peroxide and hydrochloric 
acid two-thirds of the total energy set free is consumed 
as local heat; the Grove cell, on the other hand, on 
closing the’ eireuit became considerably cooler and 
therefore supplied energy from outside to the circuit by 
absorption of heat. Hence we see that these secondary 
processes ^so react bn the primary one. We can 
m^e whatever approach we like; the distinction between ' 
prunary and secondary processes remains merely a 
relative one and is regularly suspended in the interaction 
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of the one "with the other. If this is forgotten and 
such relative opposites treated as absolute, one finally 
gets hopelessly involved in c;pntradictions, as we have 
seen above.' * 

As is well known^ on the electrolytic separation of 
gases the metal electrodes become covered with a thin 
• layer of gas ; tii consequence the current strength 
jlecreases imtil the electibdes are saturated with gas, 
whereupon the weakened ciurmt again becomes constant. 
_ Favre and Silbermann have shown that local heat arises 
also in such a decomposition cell ; this local heat, thercr 
fore, can only be due to the fact that the gases are not 
liberated at the electrodes in the state m which they 
usually occur, but that they are only brought into their 
usual state, after their separation from the electrode, by 
a ferther process bound up with the development of 
heat. But what is the state in which the gases axe' 
given of! at the electrodes ? It is impossible to express 
ohese^ more cautiously on this than Wiedemann does. 
He terms it “ a certain,” an “ allotropic,” an “ active,” 
and finally, in the case of oxygen, several times an 
‘‘ ozonised ” state. In the case of hydrogen his state- 
ments are stiU more mysterious. Incidentally, the 
^ew oomes out that ozone and hydrogen, peroxide 
are the forms in which this “ active ” state is realised. 
Our author is so keen in his pursuit of ozone that he 
even explains the extreme electro-negative properties of 
certain peroxides from the fact that they possibly 
“ contain a pa^ of the oxygen in the ozonised stede!" 
(i, p. 57.) Certainly both ozone and hydrogen peroxide, 
^mre formed on the so-called decomposition of water, but 
orJy in siuall quantities. There is no basis at all for 
assuming tlmt in the case mentioned local heat is pro- 
duced first of all by the origin and then by the^decpm- 
position* of any hffge quantities of the above two 
compounds. We do hot know the heat of formation 
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of ozone, O3, from free oxygen atoms. According to 
Berthelot the heat of formation of hydrogen peroxide 
from HgO (liquid) + 0 = 3 ^ 21 , 480 ; the origin of this 
compound in any large amount would ^therefore give 
rise to a large excess of energy (about 80 per cent, of 
the energy required for the separation of Hg and O), 
which could hot but be evident and demonstrable. 
Finally, ozone and hydrogen peroxide would only take, 
oxygen into account (apart from current reversals, 
where both gases would come together at the same 
electrode), but not hydrogen. Yet the latter also escapes 
in an “ active ” state, so much so that in the combina- 
tion : potassium nitrate solution between platinum 
electrodes, it combines directly with the nitrogen split 
ofi from the acid to form ammonia. 

In point of fact, all these difficulties and doubts have 
no existence. The electrolytic process has no monopoly 
of splitting off bodies “ in an active state.” Every 
chemical decomposition does the same thing. It splits 
oft the liberated chemical elements in^the first place in 
the form of free atoms of O, H, N, etc., which only after 
tlieir liberation can unite to form molecules, Og, Hg, Ng, 
etc., and oii thus Tmiting give off a definite, though up-to- 
now still undetermined, i quantity of energy wMctf 
appemrs as heat. But during the infinitesimal moment 
of time when the atoms are free, they are the bearers 
of the total quantity of eimrgy that they can take, up at 
all ; while possessed of their maximum energy they are 
free to enter into any combination offered them. Hence 
they are “ in an active state ” in contrast to the mole- 
cules Og, Hg, Ng, which have already surrendered a part- 
of this energy- and cannot enter into combmation with 
other elements without this quantity of energy surren- 

^ This quantity has now not only been determined but ^utilised. 
Thus if the hydrogen is previquSly split into atoms, tin; oidinaiy ojfy- 
hydrogen flame cm be made a great deal liotter. 
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dered being re-supplied from outside. We have no 
need, therefore, to Resort to ozone and hydrogen par- 
oxide, -which themselves are oijly products of this active 
state. For instance, -we can undertake the above- 
mentioned formation of ammonia bn electrolysis of 
potassium nitrate even -without a battery, simply by 
chemical means, *by adding to nitric acid or a nitrate 
solution a licpiid in which hydrogen is set free by a 
chemical process. In both cases the active state of 
the hydrogen is the same. But the interesting point 
about the electrolytic process is that here the transitory 
existence of the free atoms becomes as it were tangible. 
The process here is divided into two phases: the 
electrolysis provides free atoms at the electrodes, but 
their combination to form molecules occurs at some 
distence from the electrodes. However infinitesimally 
minute this distance may be compared to measurements 
where masses are concerned, it suffices to prevent the 
energy liberated on formation of . the molecules being 
used for the electric process, at least for the most part, 
and so determines its conversion into heat — ^the local 
heat in the battery. But it is o-wing to this that the 
fact is established that the elements are split off as free 
atoms and for a moment have existed in the battery as 
free atoms. This fact, which in pure chemistry can 
only be established by theoretical conclusions, * is here 
proved experimentally, in so far as this is possible 
-without sensuous perception of the atoms and molecules 
themselves. Herein lies the high scientific importance 
of the so-called local heat of the battery. 

• The conversion of chemical energy into electricity by 
means of the battery is a process about whose coume 
we know next to nothing, and which we shall get to 
know in more detail only when the modus &peranAi 
of electric motion itself become better kno-vm. 

’ It has since been proved experimentally. 
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The battery has ascribed to it an “ electric force of 
separation ” which is given for each particular battery. 
As we saw at the outset, )(Viedemann conceded that this 
electric force of separation is not a d^jfinite form of 
energy. On the contr^, it is primarily nothing more 
than the capacity, the property, of a battery to convert 
a definite quantity of liberated chenfical energy into 
electricity in unit time. Thifeughout theowhole course 
<«f events, this chemical (energy itself never assumes the 
form of an “ electric force of separation,” but, on the 
contrary, at once and immediately takes on the fonn of 
so-called “ electromotive force ” i.e. of electric motion. 
If in ordinary life we speak of . the force of a steam engine 
in the sense that it is capable in unit time of converting 
a d^ttite quantity, of heat into the motion of masses, 
this is not a reason- for introducing the same confiirion 
of ideas into scientific thought also. We might just as 
well, speak of the varying force of a pistol, a carbine, 
a smooth-bored gun, .and a blunderbuss, because, with 
. equal gunpowder charges and projectiles of equal weight, 
they shoot varying distances. But here the wrongness 
iof the expression is quite obvious. Everyone Imows 
that it is the ignition of the gimpowder charge that 
drives the- bullet, and that the varying range of thd 
w^IKjn is only determined by the greater or lesser dissi- 
pation of energy according to the length of the barrel, 
the form of the projectile, and the tightness of its fitting. 
But it is the same for steam power and for the electric 
force of separation. Two steam engines — other con- 
ditions being equal, i.e. assuming the quantity of energy 
liberated in equal periods of time to be.equal in both — ■ 
or, two galvanic batteries, of which the samethix^ holds 
good, differ as regards performance of work only owing 
to their greater or lesser dissipation of energy. AnA if 
tmtil now aU armies h%ve been able to develop the 
technique of firearrns without the assumption of a 
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special shooting force of ■weapons, the science of electricity 
has absolutely no excuse for assuming an “electric 
force of separation ” analogcftis to this shooting force, 
a force which embodies absolutely no energy and which 
therefore of itself cannot perform a millionth of a milli- 
gram-metre of ^ork. 

The same thing holds gpod for the second form of tins 
“ force of separation,” the “ electric force of contact of 
met^ mentioned by Helmholtz. It is nothing but 
riie property of metals to convert on their contact the 
existing energy of another form into electricity- Hence 
it is likewise a force that does not contain a particle of 
energy. If we assume ■with Wiedemann that the source 
of energy of contact electricity lies in the vis viva of the 
motion of adhesion, -then this energy exists in the first ' 
pkibe in the form of this mass miotion and on its vanishing 
becomes converted immediately into electric' motion, 
without even for a moment assuming the form of an 
“ electric force of contact.” 

And now we are assured in addition that the electro- 
motive force, ».e. the chemical energy, reappearing as . 
electric rhotion is proportional to this “ dectrie force of 
operation,” which not only contains no eneigy, but 
owing to the "very conception of it caimot contain any 1 
This proportionality between non-energy and energy 
bb'viously belongs to the saine mathematics as 'that in 
which there figures the“ ratio of the unit of electricity 
to the milligram.” But the absurd form, which owes 
its existence only to the conception of a simple property 
as a my^cal foarce, conceals a quite simple tautology : 
the capacity of a giveh battery to convert liberated 
chemical Energy into electricity is measured — by what ? 
By the quantity of the energy reappearing in the circuit 
as electpcity in relation to the chemical energy consumed 
in the battery. That is aU. 

In order to arrive at ra elecridc . force of separation. 
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one must take seriously the device of the two olectric 
fluids. To convert this from its neutrality to its polarity, 
hence to split it apart,*' requires a certain expendi* 
ture of energy — the electric force of separation. Once 
separated, the two electricities can, on being reimited, 
again give off the same quantity of ^energy — electro- 
motive force. But since nowadays no one, not even 
Wiedemann, regards the two electricities as having 
a real existence, it means that one is writing for a 
defimct public if one deals at lehgth with such a point 
of view. 

The basic error of the contact theory consists in the 
fact that it cannot divorce itself from the idea that 
contact force or electric force of separation is a souree 
of energy, which of course was difficult when the mere 
capacity of an apparatus to bring about transformation 
of energy had been converted into a. force ; for indeed, a 
fora ought precisely to be a definite form of energy. 
Because Wiedemann cannot rid himself of this unclear 
notion of force, although alongside of it the modem ideas 
of indestructible and uncreatable energy have been 
forced upon him, he falls into his nonsensical' explana- 
tion of the current. No. 1, ^nd into all the later demon; 
strated contradictions.- 

. If the expression “electric force of separation ” is 
directly contrary to reason, the other “electromotive 
force” is at least superfluous. We had heat eng^es 
long before we had electro-motors, and yet the theory 
of heat has been developed quite well without anyispec^ 
thermo-motor force. Just as the simple expression heat 
includes rdl phenomena of motion that belong to this' 
form of mer^, so also can the e3q>ression electricity in 
its own sphere. Moreover, very many forms of action 
of electiidity are not at all directly “ moten;” : the 
magnetisstion of iron, chemical decomposition, con- 
Vi^ion into heat. . And finally, in every natural science. 
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even in mechanics, it is always an advance if the word 
force can somehow be got rid of.i 

We Tsaw that Wiedemann did not accept the chemical 
explanation b? the processes in the battery without a 
certain reluctance. This reluctance continually attacks 
him ; where he can blame anything on the so-called 
chemical theory", this is certain to occur. Thus, “ it is 
by no mean? established ‘that the electromotive force is 
proportional to the intensity of chemical action.” 
(I, p. 791.) Certainly not in every case ; but where this 
proportionality does not occur, it is only a proof that the 
battery has been badly constructed, that dissipation of 
energy takes place in it. For that reason Wiedemann 
is quite right in paying no attention in his theoretical 
deductions to such subsidiary circumstances which 
falsify the purity Of the process, but in simply ^suring 
us that the electromotive force of a cell is equal to the 
mechanical equivalent of the chemical action taking 
place in it in unit time with unit intensity of current. 

In another passage we read : 

“That further,' in the acid-alkali battery, the 
coml)ination of add and alkali is not the cause of 
• current formation follows from the experiments 
paragraph 61 (Becquerel and Fechner), para^aph 260 
(Dubois-Reymond), mid paragraph 261 (Worm-Muller), 
according to which in certain cases when these are 
present in equivalent quantities no current makes its 
appearance, and likewise from the experiments 
(Henrid) mentioned in paragraph 62, that on inter- 
posing a sofution of potassium nitrate between the 
potassium hydroxide and nitric add, the electromotive 
force makes its appearance in the same way as 
withouU this interposition.” (I, p. 791 ) 

' ' # 

1 This statement has been very fully confiTined by the progress of 
physics in the last fifty years. It is interesting to note that idealistic 
writers have used this disappeaTan<% of the notion of force as an 
argument that materialism is ^ing reftited ! 
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The question whether the combination of add and 
is the cause of current formation is a matter of 
very serious concern for our aujbior. Put in thib form 
it is very easy to tmswdr. The cmnbinatiQn of add and 
Allrali is first of ail the cause of a salt being formed with 
liberation of energy. Whether this energy wholly or 
partly takes the form of electridty depends on the 
drcumstanoes imder whidi it is liberated, ^or instance, 
in the battiay : nitric add and potassium hydroxide 
between platinmn electrodes, this will be at least parti^y 
the Case, and it b a matter of indifference for the forma- 
Uon of the current whether a potassium nitrate solution 
is inte^osed between the add and alkali or not, since 
this can at most delay the salt formation but not 
prevent it. If, howeyer, a battery is formed like one of 
Worm-MuHer’s* to which Wiedemann constantly ref«^, 
whare the add and alkali solution is in the mid^e, but a 
sblutioh of thdr salt at both ends, and in the same cdn- 
centration as the solution that is formed in the battay, 
then it is obvious that no current can arise, because 
on account of the end membeKHrdnce everywhere 
identical bodies are formed — no ions can be prqduced. 
Hence the conversion of the liberated energy into 
electridty has been prevented in as direct a manner" 
as if the circuit had not been dosed ; it is therefore not 
tb be wondered, at that no current is obtained. Bpt 
that add and aQcaU can in general produce a current is 
provbi by the battery : carbon, sulphuric acid (one 
part in ten of water), potassium hydroxide (one part in 
tdi of Water), carbon, which according to Raoult has a 
current stren^ of 78A And that, with •suitable ' 
arrangement of the battery, add and alkali cain provide 
a current strength corresponding to the large quantity 
of Energy set free on their combination, is seen from the 

y In aU the following data lel^ting to euiient sticmgtb, the Daniel! 

cellisput=100. , 
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fact that the most ^weiflful batteries known -depend 
ahnost exclusively on the formation of alkali salts, e.%. 
that pf Wheatstone : platinum, platinic chloride, 
potassium amalgam — eurrenf strength 280 ; lead per- 
oxide, dilute sulphuric acid, potassium amalgam =826 ; 
manganese peroxide instead of lead peroxide =280 ; 
in each case, i^^inc amalgam was employed instead of 
potassium amalgam, the, current strength fell almost 
exactly by 100. Similarly in the battery ; manganese 
dioxide, potassium permanganate solution, potassium 
hydroxide, potassium, Beetz obtained the current 
strength 802, and further: platinum, dilute sulphuric 
acid, potassium =293*8 ; Joule : platinum, nitric acid, 
potassium hydroxide, potassium amalgam =802. The 
“ cause ” of these exceptionally strong current strengths 
is certainly the combination of acid and alkali, or alkali 
metal, and the large qumitity of energy thereby liberated. 
A few pages further on it is again stated ; 

“ It must, however, be carefully borne in mind that 
the equivalent in work of the whole chemical action 
taking place at the place of contact of the hetero- 
geneous bodies is not to be directly regarded as the 
measure of the electromotive force in the circuit. 
When, for instance, in the acid-alkali battery {iterum 
CrUpinus !) of Becquerel, these two substances 
combine, when carbon is consumed in the battery: 
platinum, molten potassium nitrate, carbon, when the 
zinc is rapidly dissolved in an or^ary cell of copper, 
impure zinc, dilute sulphuric acid, with formation of 
local currents, then a large part of the work produced 
(it should read : energy liberated) in these chemical 
processes . . . is converted into heat and is thus 
lost fSr the total current circuit,” (I, p. 798.) 

AH these^rocesses are to be referred to loss of energy in 
the battery ; they do not affect the fact that the electric 
motion, arises from transformed chemical energy, but 
only affect the quantity of energy transformed. 
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Electricians have devotedT an endless amount of time 
and trouble to composmg the most diverse batteries 
and measuring their “ electromotive force.” The 
experimental material th&s accumulated contains veiy 
much of value, but certainly still more that is valueless. 
For instance, what is the scientific value^ of experiments 
in which “ water ” is employed as the ^ectrolyte, when, 
as has now been proved by Kohlrauschj water is the 
worst conductor and therefore also the worst electrolyte,' 
and where, therefore, it is not the water but its unknown 
impurities that caused the process ? And yet, for 
instance, almost half of all Fechner’s experiments depend 
on such employment of water, even his “ experimewtum 
erucis,” by which he sought to establish the contact 
theory impregnably on the ruins of the chemical theory. 
As is already evident from this, in almost all such experi- 
ments, a few only excepted, the chemical processes“in 
the battery* which however form the source of the so- 
called electromotive force, remain practically disregarded. 
There are, however, a number of batteries whose 
chemical composition does not allow of any certain 
conclusion being drawn as to the chemical changes 
procwding in them when the current circuit is closed. 
On the contrary, as Wiedemann (I, p. 797) says, it is. 
“ not to be denied that we are by no means in all cases 
able to obtain an insight into the chemical attractions 
in the battery.” Hence, from the ever more important 
chemical aspect, all such experiments are valueless in. 
so far as they are not repeated with these processes under 
control. ^ 

In these experiments it is indeed only quite by way of 

1 A column of the purest water prepared by Kohlraus<^ 1 mm. in 
len^h offered the same resistance as a ^pper conductor of the same 
diameter and a length approximately thnt of the moon’s orbit. Naii- 
mann, All^nmne Chemie [General Chemistry]i p. 729,* [.Note by F, 
Engeh,] 

. * Appendix II, p, 335. 
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exception that any account is takaa of the energy changes 
taking place in the battery. Many of them were made 
before the law of the equivalence of motion tras recog- 
nised in natuTffl science, hut as a matter of custom 
they continue to be dragged from one textbook into 
another without Jbeing controlled or their value summed 
^up. It has beek said that electricity has no inertia 
(which has abqut as much •sense as saying velocity has 
no specific gravity), but this certainly ca,nnot be said of 
the theory of electricity. 

• So far, we have regarded the galvanic cell as an arrange- 
ment in which, in consequence of the contact relations 
estabUshed, chemical energy is liberated in some way 
for the time being unknown, and converted into elec- 
tricity. We have likewise described the decomposition 
cellos an apparatus in which the reverse process is set 
up, electric motion being converted into chemical 
■ energy and used up as such. In so doing we had to put 
iii the foreground the chemical side of the process that 
has been so much neglected by electricians, because 
this was the only way of getting rid of the lumber of 
notions handed down frdm the old contact theory and 
the theory of the two electric fluids. This once accom- 
{fiished, the question was whether the chemical process 
in the bt^ttmy takes place under the same conditions as 
outside it, or whether special phenomena make their 
appearmice that are dependent on the electric excitation. 

. In every science, incorrect notions are, in the last 
resort, apart j&om errors of observation, incorrect notions 
of correct facts. *The latter remain even when the former 
ore shown,to be false. Although we have discarded the 
old contact theory, the established facts remain, of 
which they Vere supposed to be the explanation. Let us 
consider these and with them the electric aspect proper 
of the process, in the battery. • ’ 

It is not disputed that on the Contact of heterogeneous 
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bodies, with or without chemical changes, an excitation 
of electricity occurs which can be demonstrated by means 
of an electroscope or a galvanometer. As we havealready 
.seen at the outset, it is difficult to establish in a particular 
battery the source of energy of these in themselves 
extremely minute phenomena of motion^ it suffices that 
the existence of such an external sdurce is generally 
conceded. ' • 

In 1850-53, Kohkausch published a series of experi- 
ments in which he assembled the separate components 
of a battery in pairs and tested the static electric stresses 
produced in each case ; the electromotive force of the 
cell should then be composed of the algebraic sum of 
these stresses. Thus, taking the stress of &i/Cu=10b, 
he calculates the relative strengths of the Daniell and 
Grove cells as follows : 

For the Daniell cell : 

Zn/Cu+amalg.Zn/H 2 S 04 -f Cu/SO^ =100 +149-^21 =228, 

For, the Grove cell : 

Zn/Pt + am^. Zn/HaSOi +Pt/HN 03 =107 +149 +149 = 

405, 

which closely agrees with the direct measuremait of 
the current strengthi; of these cells. These resultif^ 
however, are by no means certain, in the first place, 
Wiedemann himself calls attention to the fact that 
Kohlrausch only gives the final result but “ unfortu- 
nately no figures for the results of the separate experir- 
ments.” In the second place, Wiedemann himself 
repeatedly recognises that all attempts to determine 
quantitatively the electric excitation on contact of- 
metals, and still more on contact of metal, and fluid, 
are at least very xmcertain on account of the numerous 
ima^oidable sources of error. If, nevertheless, he 
repeatedly uses' Kohlrausch’s figures in his calculations, 
we shall do better not to follow him here, the more so 
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as another means of determination is available which 
is not open to these objections. 

If the two e::jciting plates of a battery are immersed 
in the liquid and then joined into a circuit by the 
terminals of a galvanometer, according to Wiedemann, 
“the initial delation of its magnetic needle, before 
* chemical changes have altered the strength of the 
electric excitation, is a measure of the sum of electro- 
motive forces in the circuit.” Batteries of various 
, strengths, therefore, give initial deflections of various 
strengths, and the magnitude of these initial deflections 
is proportional to -the current strength of the corre- 
spondiag batteries. 

It looks as if we had here tangibly before our eyes the 
“ electric force of separation,” the “ contact force,” 
whith causes motion independently of any chemical 
action. And this m fact is the opinion of the whole 
conjtact theory. In reality we are confronted here by a 
relation between electric excitation and chemical 
action that we have not yet investigated. In order to 
pass to this subject, we shall first of all examine rather 
more closely the so-called electromotive law ; in so 
(jloing, we shall find that here also the traditional 
contact notions not only provide no explanation, but 
once again directly bar the way to an explanation. 

If in any cell consisting of two metals and a liquid,* 
e.g. zinc, dilute hydrochloric acid, and copper, one inserts 
a third metal such as a platinum plate, without con- 
necting it to the external circuit by a. wire, then the 
initial deflection of the galvanometer will be exactly 
'the same* as without the platinum plate. Consequently 
it has no effect on the excitation of electricity. But it 
is not permissible to express this so simply in electro- 
motive language. Hence one reads ; 

“ The sum of the electromotive forces of zme and 
platinum and platinum Md copper now takes the 
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place of the electromotive force of zinc and copper in 
the liquid. Since the path of the electricities is not 
perceptibly altered by the insertion ^of the i^latinum 
plate, we can conclude from the identity of the galvano- 
meter readings in the two cases, that the electromotive 
force of zinc and copper in the liquid is equal to that 
of zinc and platinum plus that of platinum and copper^ 
in the same liqmd. This would correspond to Volta’s 
theory of the excitation of electricity between the 
metals as such. The result, which holds good for all 
liquids and metals, is expressed by saying : On. 
their electromotive excitation by liquids, metals 
follow the law of the voltaic series. This law is also 
given the name of the electromotive law.” (Wiedemtmn, 
I, p. 62.) 

In saying that in this combination the platinum does 
not act at all as an exciter of electricity, one expRsses 
what is simply a fact. If one says that it does act as 
an exciter of electricity, but in two opposite directions 
with equal strength so that the effect is neutralised, the 
fact is converted into a hypothesis merely for the sake 
of doing honour to the “ electromotive force.” In 
both cases the platimun plays the role of a fictitious 
person. 

During the first deflection there is still no closed 
circuit. The acids, being . undecomposed, ^ do not 
♦conduct ; they can only conduct by means of the ions. 
If the third metal has no influence on the first deflection, 
this is simply the result of the fact that it is still 
isolated. . , 

How does the third metal behave after the establish- 
ment of the constant current and during the Ifitter ? 

In the voltaic smdes of metals in most liquids, zinc 
lies after the alkali metals fairly close* to the positive 
end and platinum at the negative end, copper being 

» Thb statement is in acooia with Uieoiy fifty years ago, but In- 
ooneot. 
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between the two. He:pce, if platinum is put as above 
betweeri copper and zinc it is negative to them both. 
If the platinum- had any effect at all, the current in 
the liquid would have to flow to the platinum both from 
the zinc and from the copper, that is away from both 
electrodes to tl3k unconnected platinum ; which would 
be a contradidio in adjectio. The basic condition for 
the action of several different metals in the battery 
consists precisely in their being connected among them- 
selves externally to the circuit. An unconnected, super- 
fluous metal in the battery acts as a non-conductor ; it 
can neither form ions nor allow them to pass through, 
and without ions we know of no conduction in electro- 
l)rtes. Hence it is not merely a fictitious person, it 
even stands in the way by forcing the ions to go round it. 

The same thing holds good if we connect the zinc and 
platinum, leaving the copper unconnected in the middle ; 
here the latter, if it had any effect at all, would produce 
a current from the zinc to the copper and another from 
the copper to the platinum ; hence it would have to 
act as a sort of intermediary electrode and give off 
hydrogen on the side turned towards the zinc, which 
again is impossible. 

If we discard the traditional electromotive mode of 
expression the case becomes extxemely simple. As 
we have seen, the galvanic battery is an apparatus in 
yhich chemical energy is liberated and transformed into 
electricity. It consists as a rule of one or more liquids . 
and two metal? as electrodes, which must be connected 
toother ^by a conductor outside the liquids. This 
completes the apparatus. Anything else that is dippM 
unconnected into the exciting liquid, whether metal, 
glass, resin, or whatever you like, cannot participate in* 
the chertico-electric process taking place in the battery, 
in the formation of the curreht, so long as the liquid 
is not chemically altered ; it can at most hinder the 
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process. Whatever the capacity for exciting electricity 
of a third metal dipped into the liquid may be, or^hat of 
one or both electrodes of the battery, it cs-nnot have any 
effect so long as this metal is not connected to the circuit 
outside the liquid. 

Consequently, not only is Wiedem^m’s derivation, 
as given above, of the so-callqd electromotive law false, 
but the interpretation which he gives to this law is also 
false. One can speak neither of a compensating electro- 
motive activity of the unconnected metal, since the sole 
condition for such activity is cut off from the outset ; 
nor can the so-called electromotive law be deduced from 
a fact which lies outside the sphere of this law. 

In 1845, old Poggendorff published a series of experi- 
ments in which he measured the electromotive force of 
various batteries, that is to say the quantity of elSc- 
tricity supplied by each of them in unit time.i Of 
these experiments, the first twenty-seven are of special 
value, in each of which three given metals w'ere one 
after another connected in the same exciting liquid to 
three different batteries, and the latter investigated 
and compared as regards the quantity of electricity 
produced. As a good adherent of the contact theory,, 
Poggendorff also put the third metal imconneeted in the 
battery in each experiment and so had the satisfaction 
of convincing himself that in all eighty-one batteries this 
third metal remained a pure inactive element in the 
combination. But the significance of these experimOTts" 
by no means consists in this fact but •rather in the 
confirmation and establishment of the correct meaning 
of the so-called electromotive law. 

Let us consider the above series of batteries^in which 
zinc, copper, and platinum are connected together in 

pairs in dilute hydrochloric acid. Here Poggendorff 
' *> 

^ Tliis is, of course, not electromotive force in the modem sense of the 
tima* , . 
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found the quantities of electricity produced 
follows, teking that of a Daniell cell as 100 : 

• • 

Zinc-copper . . . . 78*8 

Copper-platinunti . . 74^3 

\Total .. .. 1581 

Zinc-platinum* . . . . 153*7 

Thus, zinc in direct connection with platinum produced 
almost exactly the same quantity of electricity as zinc- 
copper copper-platinum. The same thing occurred in 
all other batteries, whatever liquids and metals were 
employed. When, from a series of metals in the same 
exciting liquid, batteries were formed in such a way 
that in each case, according to the voltaic series valid 
for this liquid, the second, third, fourth, etc., one after 
the. other were made to serve as negative electrodes for 
the preceding one and as positive electrodes for thatwhich 
followed, then the sum of the quantities of electricity 
produced by all these batteries is equal to the quantity 
of electricity produced by a battery formed directly 
between the two end members of the whole metallic 
series. For instance, in dilute hydrochloric acid the 
sum- total of the quantities of electricity produced by 
the batteries zinc-zinc, zinc-iron, iron-copper, copper- 
silver, and silver-platinum, would be equal ,to that 
produced by the battery : zinc-platinum. A pile formed 
from all the cells of the above series would, other thiii^ 

, being equal, be exactly neutralised by the introduction 
of a zinc-glatinum cell with a current of the opposite 
direction. 

In this fbrm, the so-called electromotive law has a 
real and considerable significance. It reveals a new 
aspect oi^ the inter-connection betw'een chemical, and 
electrical action. Hitherto, o*i investigating mainly 
the source of energy of the’ galvanic ciirrent, this source. 
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the chemical change, appeared as the active side of 
the process ; the electricity was produced from it and 
therefore appeared primarily as passiw. Now this is 
reversed. The electric excitation determined by the 
constitution of the heterogeneous bodies put into contact 
in the battery can neither add nor sul^ixact energy from 
the chemical action (other than by conversion of" 
liberated energy into electricity). It can, however, 
according as the batt^ is made up, accelerate or slow 
doiim this action. 

If the battery, zinc-dilute hydrochloric acid-copper, 
produced in imit time only half as much electricity for 
the current as the battery, zinc-dilute hydrochloric add* 
platiuiun, this means in chemical terms that the first 
battery produces in xmit time only half as much zinc 
chloride and hydrogen as the second. Hmce the chenHcal 
cuAim, has been doubled, although the purely chemical 
conditions for this action have remained the same. -Hie 
electric exdtation luis become the regulator of the 
chemical action ; it appears now as the active side, 
the chemical action being the passive side. 

Thus, it becomes comprehensible that a number of 
processes previously regarded as purely chemical now 
ai^>ear as electro-chemical. Chemically pure zinc is 
not attacked at all by dilute add, or only very weakly ; 
ordinary commercial zinc, on the other hand, is rapidly 
dissolved with formation of a salt and production of 
hydrogen ; it contains an admixture of other metalb 
and carbon, which make their appearance in unequal 
amounts at various places of the surface. Local 
currents are fbrmdl in the acid between them and the" 
zinc itself, the zinc areas forming the poritive elec- 
trodes and the other metals the negative dectrodes, the 
hydro^h bubbles being given off on the latte][^. Like- 
wise the phenomenon that when iron is dipp^ into a 
solution of copper sulphate it becomes covered with a 
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layer of copper is now seen to be an electro-chemical 
phenomenon, one determined by the currents which arise 
between the heterogeneous are& of the surface of the iron. 

In accordance with this we find also that the voltaic 
series of metals in liquids corresponds on the whole to 
the series in whJ^ metals replace one another from their 
compounds with halogens and acid radicles. At the 
extreme negative end of the voltaic series we regularly 
find the metals of the gold group, gold, platinum, 
palladium, rhodium, which oxidise with difficulty, are 
little or not at all attacked by acids, and which are 
easily precipitated from their salts by other metals. 
At the extreme positive end are the alkali metals which 
exhibit exactly the opposite behaviour : they are 
scarcely to be split off from th«r oxides except with the 
grflfttest expenditure of energy; they occur in nature 
almost exclusively in the form of salts, and of all' the 
metals they have by far the greatest affinity for halogens 
and acid radicles. Between these two come the other 
metals in somewhat varying sequence, but such that on 
the whole electrical and chemical behaviour correspond 
to one another. The sequence of the separate members 
yaries according to the liquids and has hardly been 
finally established for any single liquid. It is evfen 
permissible to doubt whether there exists such ah 
absolute voltaic series of metals for any single liquid. 
Given suitable batteries and decomposition cells, two 
pieces of the same metal can act as positive and negative 
electrodes respectively, hence the same metal can be 
both positive and negative towards itself. In thermo- 
’ cells whfeh convert heat into electricity, with large 
temperature differences at the two junctions, the direc- 
tion of the current is reversed ; the previously positive 
metal b^omes negative and vice versa. Similarly, there 
is no absolute series according to which the metals 
replace one another from their chemical compounds 
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with a particular halogen or acid radicle ; in many 
cases by supplying energy in the form of heat we are 
able almost at mil to alter and reverse the smies valid 
for ordinary temperatures. 

Hence we find here a peculiar iateraction between 
chemical action and electricity. Th^f chemical action 
in the battery, which provides the electricity witib the’’ 
total energy for current formation, is in many cases first 
brought into operation, and in all cases quantitatively 
regulated, by the electric cjbarges developed in the. 
battery; If previously the processes in the battery 
seemed to be chemico-electric in nature, we see here 
that they are just as much electro-chemical. From the 
point of view of formation of the constant currmt, 
chemical action appears to be the primary thing : from 
the point of view of excitation of current it appeal^ as 
secondary and accessory. The reciprocal action excludes 
any absolute primary or absolute secondary ; but it is 
just as much a double-sided process which from its very 
nature can be regarded from! two different standpoints ; 
to be understood in its totality it must even be investi- 
gated from both standjmints one after the other,, before 
the total result can be arrived at. If, however, 
adhere onesidedly to a single stahdpcwt as the absolute 
one in contrast to the other, or if we arbitrarily jump 
from one to the other according to the momentary needs 
of our argument, we shall remain entangled in the one- 
sidedness of metaphysical thinking ; the int^onnection 
escapes us and we become involved in one contradiction 
after another. 

We saw above that, according to Wiedefioann, the* 
initial deflection of the galv^ometer, immediately after 
dipping the exciting plates into the liquid of the battery' 
and before chemical changes have altered the strength 
of the electric excitatioxi, is “ a measure of the sum of 
electrcanotive forces in the circuit.” 
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. So fax we have become acquamted with the so-called 
electromotive force as a form of energy, which in oiir 
case waff produced in an equivalent amoimt from chemical 
energy, and which in the further course of the process 
became reconverted into equivalent quantities of heat, 
mass motion, et-^ Here we learn all at once that the 
sum of the electromotive forces in the circuit ” is 
already in existence before this energy has been liberated 
by chemical changes ; in other words,' that the electro- 
motive force is nothing but the capacity of a particular 
cell to liberate a particular quantity of chemical energy 
in unit time and to convert it into electric motion. As 
previously in the case of the electric force of separation, 
so- here also the electromotive force appears as a force 
which does not contain a single spark of energy. Con- 
sequently, Wiedemann understands by “electromotive 
force ” two totalljr different things ; on the one hand, 
the capacity of a battery to liberate a definite quantity 
of given chemical energy and to convert it into electric 
motion, on the other hand, the quantity of electric 
motion itself that is developed. The fact that the two 
are proportional, that the one is a measure for the other, 
does not do away with the distinction between them. 
The chemical action in the battery, the quantity of elec- 
tricity developed,- and the heat in the circuit derived 
from it, when no other work is performed, are even 
more than proportional, they are equivalent ; but' that 
-does not infringe the diversity between them. . The 
capacity of a ^steam engine with a given cylinder 
bore and piston stroke to produce a given quantity 
of mechanical motion from the heat supplied is very 
different f^m this mechanical motion itself, however pro- 
portional to it it may be. And while such a mode of 
speech was tolerable at a time when natural science had 
not yet ’said anything of thc^ conservation of energy, 

nevertheless it is obvious that since the recognition of 

* * • 
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this basic law it is no longer permissible to confuse real 
active energy in any form with the capacity of an 
apparatus to impart this^orm to energy which is being 
liberated. This confusion is a corollary of the confusion 
of force and energy in the case of the electric force of 
separation ; these two confusions prov^e a harmonious 
backgroimd for Wiedemann’s three mutually contra- 
dictory explanations of the cuiTent, and in ‘the last resort 
are the basis in general for all his errors and confusions in 
regard to so-called “ electromotive force.” 

Besides the above-considered peculiar interaction 
between chemical action and electricity there is also a 
second point that they have in common which likewise 
indicates a closer kinship between these two forms of 
motion. Both can exist only for an infinitesimal 
period. The chemical process , takes place suddenly^or 
each group of atoms undergoing it. It can be prolonged 
only by the presence of new material that continually 
renews it. The same thing holds for electric motion. 
B[ardly has it l^n produced from some other form 
of motion before it is once more converted into a third 
form ; only the continual readiness of available energy 
can produce the constant cunrent, in which at each 
moment new quantities of motion assume the form of 
energy and lose it again. 

An insight into this close connection of chemical and 
electric action and vice versa will lead to important results 
in both, spheres of investigation. > Such an insight is- 
already becoming more and more widespread. Among 
chemists, Lothar Meyer, and after him* Kekul4, have 
plainly stated that a revival of the electro-chemical • 

^ This has, of course, been veiy completely verifie<L by the re- 
searches of the last fifty years. Electrical theory was revolutionised by 
Thomson’s study of electrical conduction in gases, which led to his 
discovery of electrons. And the whole of chemistry, including the 
chemistr^ of such unions, as that between carbon and h3idrogen, which 
at first sight is quite unconnected with electrical plicnoiitctia, has been 
restated hi terms of electrons. ' 
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theory in a rejuvenated form is impending. A!mong 
electricians also, as indicated especially by the latest 
works of F. Kohlrausch, the jponviction seems finally 
to have taken Hold that only exact attention to the 
chemical processes in the battery and decomposition 
cell can help their science to emerge from the blind alley 
fit old traditions. ' 

And in fact qne cannot see how else a firm foundation 
is to be given to the theory of galvanism and so second- 
arily to that of magnetism and static electricity, other 
than by a chemically exact general revision of all 
traditional imcontrolled experiments made from an 
obsolete scientific standpoint, with exact attention to 
establishing the energy changes and preliminary rejection 
of ail traditional theoretical notions about electricity. 
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DIALECTICS OF NATURE.— NOTES. 

(Written 1878-82. They are given here as appear in the MSS. 
The Notes on pp. 152-223 are reproduced in the sequence indicated by- 
Engels’ own numbering of the manuscript pagei%. The other Notes 
were recorded by Engels on loose sheets of paper of various sizes. 
Since their date of origin could be determined only in a very few cases 
they have been arranged here according to content : 1, Ideas of 
polarity ; 2. On dialectical logic and philosophy ; 3. Mathematical.; 
4. On Mechanics^ Physics, and Chemistry ; 5. A sheet giving the main 
heads of an arrangement of the subject matter dealt with ; 6. Tidal 
friction. Each of these jsections has been begun on a fresh page. 
Notes written on a single sheet of paper have been left in the sequence 
in which they were found.* Variant readings and sentences or words 
crossed out by Engels, have not been given. The only exception is on 
p. 167, lines 22-24, where the words “ Here it becomes a phrase as 
everywhere where, instead of investigating the unanalysed forms of 
motion,” which were crossed out by Engels, have been restored, as 
otherwise the rest of the sentence is left incomplete. — JSd») 

BUcAner , — ^Rise of the tendency. The passing of 
German philosophy into materialism — control over 
science abolished — outbreak of shallow materialist 
popularisation, in which the materialism had to make 
up for the lack of science. Its flourishing at the time 
of the deepest degradation of bourgeois Germany and 
official German science — ^1850-60. Vogt, Moleschdtt, 
Buchner. Mutual assurance. Revival by Darwinism 
coming into fashion, the fruits of which were immediately 
reaped by these gentlemen. 

One could let them alone and leave them to their not 
impraiseworthy if narrow occupation of teaching atheism, 
etc., to German philosophy but for : 1, abuse directed 
against philosophy (passages to be quoted^)?® which in 

1 See Appendix II, p. 835. 

* Biichner is acquainted with- philosophy only & a dogmatic, 
just as he himself is a dogmatist of the shallowest redeotion of the 
German Enlightenment which missed the intellectual movement of the 
gieat French materialists (Hegel on this) — just as Nicolai had that of 
Voltaire.**’ Lessing’s dead dog Spinoza, EncychpOBdia^ Preface, p. 19. 
[Note by JP. Engels*} • See Appendix II, p. 386. 
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spite of everything is -the glory of Germany, and 2,’ the 
presumption of applying the nature theory to society 
and reforfoing so^^ism. Thus they compel us to take 
note of them. * 

First of all, what do they achieve in their own sphere ? 
Quotations. ^ 

•2. Tumingpoint, pages 170-171.* Whence this sudden 
Hegelianism ? 'Transition t6 dialectics. Two philoso- 
phical tendencies, the metaphysical with fixed categories, 
the dialectical (especially Aristotle and Hegel) with 
fluid categories ; the proofs that these fixed opposites 
> of basis and consequence, cause and effect, identity and 
difference, appearance and essence are untenable, that 
analysis shows one pole already present in the other in 
nuce, that at a definite point the one pole becomes trans- 
formed into the other, and that all logic develops only 
from Ihese progressing contradictions. — ^This mystical 
in Hegel himself, because the category appears as pre- 
existing and the dialectics of the real world as its mere 
reflection. In reality it is the reverse : the dialectics of 
the. brain is only the reflection of the forms of motion 
of the real world, both of nature and of history. Until 
the end of the last century, indeed until 1880, natural 
scientists could manage pretty well with the old meta- 
physics, because real science did not go beyond mechanics 
— ^terrestrial and cosmic. Nevertheless confusion had 
already been introduced by higher mathematics, which 
regards .the eternal truth of lower mathematics as a 
Superseded point^of view, often asserting the contrary, 
and putting forward propositions which appear sheer 
imnsenise to the lower mathematician. The rigid 
categories disappeared here ; mathematics arrived at a 
field where even such simple relations as those of mere 
abstract (quantity, bad infinity, assumed a completely 
dialectical form and compelled ^the mathematicians to 
* See Appendix II, p. 8S6. 
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become dialectical, tmconsciously and against their will. 
There is nothing more comical than the twistings, 
subterfuges, and expedients employe^d by the mathe> 
maticians to solve this contradiction, to reconcile higher 
and lower mathematics, to make dear to thdr imder* 
standing that what they had arrived ^'t as an undeniable 
result is not sheer nonsense, and in general rationally 
to explain the starting poiht, method, and result of the 
mathematics of the infinite. 

Now, however, everything is quite different. 
Chemistry, the abstract divisibility of physical things, 
bad infinity— atomistics. Physiology— the cell (the 
organic process of development, both of the individual 
and of species, by differentiation, the most striking test 
of rational dialectics), and finally the identity of the 
forces of nature and their mutual convertability, ^hicb 
put aii end to all fixity of categories. Nevertheless^ 
the bulk of natural sdentists are still held fast in the old 
metaphysical categories and hdpless when these modern 
facts, which so to say prove the dialectics in nature, 
have to be rationally ei^lained and brought into relation 
with one another. And here thinking is necessary: 
atoms and molecules, etc., cannot be observed under 
the microscope, but only by the process of thouglit. 
Compare the chemists (except for Schorlemmer, who is 
acquainted with Hegel) and Virchow’s cellular pathology, 
where in- the end the helplessness has to be conceal^ 
by general phrases. Dialectics divested of mysticiSm 
becomes an absolute necessity for natiqral science, which 
has forsaken the field where rigid categoric sufficed, 
as it were the lower mathematics of logic, its everyday 
w^pons. Philosophy takes its revenge posthumously' 
on natural science for the latter having deserted it ; 
and yet the scientists could have seen even from the 
successes in natiual science achieved by philo.sophy 
that the latter possessed something that was superior 
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to them even in their own special sphere. (Leibniz, 
the founder of the mathematics of the infinite, in contrast 
to whom the mductive ass * 'Newton appears as a 
plagiaiiser and cowupter ; Kant, the theory of cosmic 
evolution de/bre Laplace ; Oken, the first in Germany to 
adopt the theory’Vf evolution ; Hegel, whose [encyclo- 
^dic] comprehensive treatment and rational grouping 
of the natural sciences is a greater achievement than all 
the materialistic nonsense put together.) 

On Biichner’s claim to pronomicc judgement on 
socialism and economics from the struggle for existence ; 
Hegel, Encyclopcedia, I, p. 9, on cobbling.® 

' On politics and socialism : the understanding for 
which the world has waited, p. 11.* 

Se|iaration, co-existence, and succession. Hegel, 
■EncycUypoedia, ■p.35l* As determination of the sensuous, 
of the idea. 

Hegel, Encyclopasdia, p. 40.® Natural phenomena — 
but in Buchner not thought out, merely copied, hence 
the superfluous. 

Page 42.® Solon’s law, “ produced out of his 
head” — ^Biichner is able to do the same for modem 
society. 

Page 45.'^ Metaphysics — ^the science of things — ^not of 
movements. 

JPage 58.® In experience . . . arrives at 

Page 56. The parallelism between the human indi- 
vidual and history ==the parallelism between embryology 
juid paleontology. ' 

^ It h inip^iblc to render Engels'* word Induktiomesel ” . into 
English. A donkey in German idiom may mean a fool, a hard worker, 
or both. It can thus imply praise and blame at the same time. Prob- 
ably the implication is that Newton did great work with induction, 
but was unduly afraid of hypothei^s. The phrase might be fVeely 
rendered Newton, who staggered undei^ a burden of inductions.” 

**,*,♦ Sec Appendix H, p. 337. • Sec Appendix II, p. .‘kid. 

See Appendix p. 339. * 
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DicUedies of Natural Science. — Subject matter — 
malto in motion. 

The different forms alid varieties of (matter ^ them- 
selves only to be recognised through motion, only in 
this are the properties of bodies exhibited ; of a body , 
that does not move there is nothing tf be said.^ Hence 
the constitution of moving bodies results from the form! 
ofmotion. T 

1. The first, simplest form of motion is the 
mechanical form, pure change of place : 

(а) Motion of a single body-^oes not exist, only 
relative motion — falling. 

(б) The motion of separated bodies: trajectory, 
astronomy — ^apparent equilibrium — ^the end always 
contact. 

(e) The motion of bodies in contact in relation to one 
anoth^ — pressure. Statics. Hydrostatics and gases. 
The lever and other forms of mechanics proper — ^which 
all in their simplest form arise from contact on friction 
or impact, which are distinct only as stages. But 
finction and impact, in fact contact, have also other 
consequence never put forward here by natural 
scientists : they produce, according to circumstances* 
sound, heat, light, electridty, magnetism. 

2. These different forces (with the exception of soimd) 
— physics>of heavenly bodies-^- 

(o) pass into one another and mutually replace one 
another, and 

(d) on a certain quantitative development of each 
force applied to the bodies differently in each case, 
whether they are chemically compound or several 
chranically simpler bodies, chemical ihangesi^take place, 
and we enter the realm of chemistry. Chemistry of 
heavenly bodies. C^rstaUographic part of chemistry. 

8. Physics had to leave out of account, or was able 
* TUs is completely eonflrmed by modem atondc theoiy. 
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to do so, the living organic body ; chenaistry finds' only 
in the investigation of organic compounds the real due 
to the trhe natiq^ of the most important bodies, and, 
on the other hand, it .synthesises bodies which only 
occur in organic nature. Here chemistry leads to 
organic life, and yt- has gone far enough to assure us 
that alone will explain to us the dialectical transition 
to the organismt 

4. The real transition, however, is in history ^ — of the 
solar system, the earth, the real pre-condition for organics. 

5. Organics. 

Divisibility. The mammal is individMe, the reptile 
can regmw a foot— ether waves, dividble and measurable 
to the, infinitesimally small — every body divisible, in 
practice, within certain limits, e.g. in chemistry. 

Coliesion — already negative in gases— transformation 
of attraction into repulsion, the latter only real in gas 
and ether (?). 

States of aggregation — ^nodal points where quantitative 
change is transformed into quditative, 

! Secchi ^ and the Pope. 

Newtonian attraction and centrifugal force — an 
example of metaphysical thinking : the probliem not 
Solved but posed for the first time, and this preached as 
the solution.® — ^Ditto Cldusius’ decrease of heat.® 

^ Secchi was a Jesuit astronomer of the nineteenth century, one of 
the first to classify stars by their spectra. 

* Einstein’s generm theory of relativity takes us at least a step 

nearer to the solution. It brings gravitation and centrihigal force 
together as dtfiferent examples of an essentially similar phenomenon. 
It has proved its “ this*sidedness ” by predicting two new facts which 
have been observed, namely the deflection of light and the change in 
its colour by gravitational flelds, * 

* Clausius, German nineteenth-century physicist, pointed out that 
according to existing physical theory other forms of motion would 
ultimately bfe- converted into heat, and thus would be spread out at a 
uniform temperature. Thus change of aM kinds would come to an end. 
(See pp. 201-2, 216.) 
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Laplace’s theory presupposes only matter in motion — 
rotation necessary for all bodies suspended in iMversal 
space. ^ ^ 

Friction and impact produce an internal moveaxtnt 
of the bodies concerned, molecular mo^on, differentiated 
as warmth, electricity, etc., according to circumstancesr. 
This motion, however, is only temporary cegsante causa 
cessat effectus. At a definite stage they all become 
transformed into a permanent molecular change, a 
chemical change.^ ' 

Causa finalis — ^matter and its inherent motion. This 
matter js no abstraction. Even in the sun the different 
substances are dissociated and without distinction in 
their action. But in the gaseous sphere of the nebular 
patch all substances, although separately present. Income 
merged in pure matter as such, only as matter, not acting 
with its specific properties.® 

(Moreover even in Hegel the contradiction of causa 
efficiens and causa finalis is sublated in reciprocal action.) 

The form of development of natural science, in so far 
as it thinks, is the hypothesis. A new fact is observed 
which makes impossible the previous mode of ^planation 
of the facts belonging to the same group. From t.hig 
moment onwards new modes of explanation are re^ 
quired — ^at first based on only a limited number of facts 
and observations. Further observational material weeds 
out these hypotheses, doing away "With some and 

’ ® inatch is rubb^ lightly it is Wanned and then cools down 

again, if nibbed harder it lights up. 

* In the sun (save for a few compounds in its outer layers) all matter 
IS di^ociated into atoms, and the atoms may lose some efectrons. Thus 
*** “ ^ natter have the same mechanical propertiea, those of a hot 
gM. Tl^ ^ be distinguished by^their spectra, that is to say «» 
ku^ Iwht which they give out. In a gaseous nebula even this 
^tmetKm is lost, except for the inhnitesimal ftactimi of atoms which 
have at any moment enough energy to radiate. 
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correcting Others, until finally the law is established in a 
pure form. If one should wait until the material for 
a law was in a fufe form, it wouM mean suspending the 
process of thought until then and, if only for this reason, 
the law would never come into being. 

. The number andysuccession of hypotheses supplanting 
dhe another — given the lack of logical and dialectical 
education amortg scientists^asily gives rise to the 
idea that we cannot know the essence of things (Haller 
and Goethe).* This is not peculiar to natural science 
since all hmnan knowledge develops in a curve which 
• twists many times ; and in the historical sciences also, 
including philosophy, theories displace one another, 
from which, however, nobody concludes that formal 
logic, for instance, is nonsense. The last form of this 
outloric is the “ thing in itself.” In the first place, this 
assertion that we cannot know the thing in itself (Hegel, 
Encyelopcedia, paragraph 44) * passes out of science into 
fantasy. In the second place, it does not add a word to 
our scientific knowledge, for if we cannot occupy our* 
selves with things, they do not exist for us. And, thirdly, 
it is a mere phrase and is never applied. Taken in the 
abstract it sounds quite sensible. But suppose one 
applies it. What would one think of a zoologist who 
said: a dog s^ms to have four legs, but we do not 
■ know whether in reality it has four million legs or none 
at all.? Or. of a mathematieian who first of all defines 
a ff'iangle as having three sides, and then declare:; that 
he docs not know.whether it might not have 25 ? That 
2X2 seems to be 4 ? But scientists take care not to 
apply the phrase ‘the thing in itself’ in natural science, 
they permit jthemsclvcs this only in passing into philo- 
sophy. This is the best proof how little seriously they 
take it and of what little value it is itself. If they did 
take it seriously, what would tup the good of investi- 
S ® Sec Apitciulix II, p. 
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gating anything ? Taken historically the thing would 
have a certain meaning : we can only know imder the 
conditions of our epbch<and flwyar os tfewe rcocfe; 

The transformation of attraction into repulsion and 
vice, versa is mystical in Hegel, but in substance he 
anticipated by it the scientific discovery that came late?!. 
Even in a. gas there is repidsibn of the molecules, still 
more so in more finely-divided matter, for instance in 
the tail of a,comet, where it even operates with enormous 
force. Even in this Hegel shows his genius by deriving 
attraction as a secondary thing from repulsion as some- 
thing preceding it: a soIM' system is only formed by 
gradual preponderance of- attraction over the originally 
prevailing repulsion. Expansion by heat=repulsion. 
The kinetic theory of gases. ^ 

The contradictoriness of the thought determinations of 
reason : folarisatim. Just as electricity, magnetism, 
etc., become polarised and move in opposities, so do 
thoughts. Just as in the former it is not possible to 
maintain any one-sidedness, and no scientist would 
think of doing so, so also in the latter; 

For anyone who denies causality every natural law is 
a hypothesis, among others also the chemical analysis of 
heavenly bodies by means of the prismatic spectrum. 
What shallowness of thoutght to remain at such a 
viewpomt! : 

Theming in itself: Hegel, Zogic, I, 2, p. 10, also later . 
a. whole section oh it : “ ^ 

“ Scepticism did not allow itself to say ‘ is ’ ; 
modem, idealism (i.e. Kant and Fichte) did not all6w 
itsdf to regard knowledge as knowled^ of the thing 
in itsielf . . . . At the^ssune time, howevrar, scepticism 
allowed of multiple determinations of its appearance, 
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or rathiar its appearance bad the entire manifold 
■y^eaith of the world as ' content. Likewise the 
appearance of idealism {i.e. • what idealism calls 
appearance) coinprehends within it the whole range 
of these manifold determmations. ... Hence there 
may well be no being, no thing or thing in itself at 
the basis of thiA content ; rmoins /or itee/ os U 
*is; it is only translated from being into appearance” 

Hegel, therefore, is here a much more resolute materialist 
flian the modem natural scientists. 

, The tme nature of the determinations of “ essence ” 
is expressed by Hegel himself. Eneydopcedia, I, para- 
graph 111, addendum.^ : “ In essence everything is 

relative ” (c.g. positive and negative, which have meaning 
oidy ift their relation, not each for itself). 

The so-called axioms of mathematics are the few 
thought determinations which mathematics needs for 
its point of departure. Mathematics is the science of 
magnitudes ; its point of departure is the concept of 
magnitude. If defines this lamely smd then adds the 
other elemmtary determinations of magnitude, not 
confhmed in the definition, from outside as axioms, 
where they appear as unproved, and naturally also as 
tiudhemaiically unprovable. The analysis of magnitude 
would yield all iliese axiom determinations as necessary 
determinations of magnitude. Spencer is right in as 
much as what thus appears to us to be the sdf-evidence 
of these axioms is inherited. They are provable dia- 
lectically, in «o far as they are not pure tautologies. 

Pait and ^ole, for instance, are already categories 
which become inadequate in organic nature. The 
ejection of sibeds — ^the embryo and the animal produced 
* See AppenduE II, jp. 840. 
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by birth are not to be conceived as a “ part ” that is 
separated from the “ whole,” which would give a distorted 
treatment. It becomdfe a part only^in a d&d body, 
Encyclopcedia^ I, p. 268.^ 

Identity — ^abstract, a=a ; and negatively, a is not at 
the same time equal and unequal to ^ — ^likewise inappli- 
cable in organic nature* The plant, the animal, every 
cell is at every moment ol* its life identical with itself 
and yet becoming distinct from itself, by absorption and 
excretion of substances, by respiration, by cell formation 
and. death of cells, by the process of circulation taking 
place, in short by a sum of incessant molecular changes ^ 
which make up life and the sum total of whose results are 
evident to our eyes in the phases of life — embryonic life, 
youth, sexual maturity, process, of reproduction, ojd 
age, death. This is apart, moreover, from the evolv/Hon of 
species. The further physiology develops, the more 
important for it become these incessant, infinitely small 
changes, 2 and hence the more important for it also the 
consideration of difference within identity, and the old 
abstract standpoint of formal identity, that an organic 
being is to be treated as something simply identical with 
itself, as something constant,^ becomes out of date. 
Nevertheless, the mode of thought based thereon,* to- 
gether with its categories, persists. But even in in* 
organic nature identity as such is non-existent in reality. 
Every body is continually exposed to mechanical, 
physical, and chemical influences, which are alv^ys 
changing it and modifying its identity. Only in mathe- 
matics — ^an abstract science which is concerned with 
creations of thought, regardless whether reflections "of 

1 See Appendix II, p. 340. % 

® These changes are the subject of biochemistxy, which is now primarily 
concerned, not as in Engels^ time witb discovering^ substances in living 
beings, but in studying their transformations. 

® This is well shown by a film of plant growth where a* day or a week 
is compressed into a minute: We see that the leaf, which we arc apt 
to regard as a thing given, is 51 stage in n process. 
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reality or not — ^are abstract identity, and its opposition 
to difference, m place ; and even there they are contin- 
ually being suspended. Hegel, flncyclopcedia, I, p. 235. ^ 
The feet that identity contains difference within itself is 
expressed in every sentence, where the predicate is 
necessarily different from the subject ; the lily is a 
lolant, the rose is red, where, either in the subject or in 
the predicate, there is something that is not covered 
by the predicate or the subject. . Hegel, Encychpeedia, 
I, p. 281.2 That from the outset identity with' itself 
require difference from everything else as its complement, 
is self-evident. 

Continual change, abolition of abstract identity 
with itself, is also found in so-called inorganic things, 
deology is its history. On the surface, mechanical 
chai)ges (denudation, frost), chemical changes (weather- 
ing), and, internally, mechanical changes (pressure), 
heat (volcanic), chemical (water, acids, binding sub- 
stances), in great upheavals, earthquakes, etc. The 
slate of to-day is fundamentally different from the ooze 
from which it is formed, the chalk from the loose micro- 
scopic shells that compose it, even more so limestone, 
which indeed according to some is of purely organic 
ongin, and sandstone from the loose sea sand, which 
again is derived from the weathering of granite, etc., not 
to sp«ik of coal. 

•Positive and Negative.^Csm also be given the reverse 
names ; in electricity, etc.. North and South ditto, if 
one reverses this* and alters the rest of the terminology 
m correspondence, everything! remains correct. We can 
call West ]^ast and East West. The sun rises in the 
West, and planets revolve from East to West, etc., 
the names alone are changed. Indeed, in physics we 
call the rehl South pole of the magnet, which is attracted 

• Sec Appendix p. 341. 
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by the North pole of the earth’s ma^etismi the South ^ . 
pole, and it does not matter. 

' r* ’ . 

■ • ^ , C 

lAfe and DeaOi . — lAJieady no physiology is held to be 
sdehtific if it does not consider death as an essential 
factor of life (note, Hegel, Encydopcs^ia, J, p. 152-^ ),* 
the negation of life as being essentially contained inr 
life itself, so that life is always thought of in relation to 
its necessary result, death, which is always contained 
in it in germ. The dialectical conception of life is nothing 
more than this. But for anyone who has once under- 
stood this, all talk of the inunortality of the soul is 
done away with. Death is either the dissolution of the 
organic body, Idiving nothing behind but the chemical 
constituents that formed its substance, or it leaves, 
behind a vital principle, more or less the soul, that4hen 
survives aU living oiganisms, and not only hunoan beings.- 
Here, therefore, by means of dialectics, simply becoming 
dear about the nature of life and death suffices to abolish 
an ancient superstition. Living means dying. 

Bad Infinity.— Tho true was alre^y correctly put by 
Hegd infiJBed space and time, in the process of nature 
and history. The whole of nature also is now merg^ 
in history, and history fe only ffiiferentiated from naturdi 
history as the evolutionary process of self-consdtmt 
organisms. This infinite complexity of nature and 
history has within it the infinity of space and time*- 
bad infinity — only as a sublated moment, essential but 
not predominant. The dctreme limit' of our natural 
science until now has been our univ^se, and eve do not 
need the infinitely numerous universes outside it to 
obtain knowledge of natiare. Indeed, pnfy, a angle 
sun among millions^ with its sohtr system, forms the 

^ A slip of the pep ; it should be North pole, 

* See Appendix ll. n. 841. 
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essential basis of our astronomical resemrches. For 
terrestrial mechanics, physics, and chemistry we are 
more or less restActed to our litHe earth, and for organic 
science entirely so. Yet this does not do any essential 
injury to the practically infinite diversity of phenomena 
and natural knowledge, any more than history is damaged 
l)y the similar, even greater ^jmitation to a comparatively 
. short period anil small portion of the earth. 

' Simple, and Compound. — Categories which even in 
organic nature likewise lose their meaning and become 
inapplicable. An animal is expressed neither by its 
mechanical compositiim from bones, blood, gristle, 
muscles, tissues, etc., nor by its chemical composition 
from the elements. Hegel, Eneyelopcedia, I, p. 256. ^ 
The Organism is neUher simple nor compound, however 
• complex ^t may be. 

Primordial matter. — “ The conception of matter as 
(MriginaUy existent and without form in itself is very old 
and to be met with even among the'Greeks, first of all 
in, the m 3 d;hical figure of chaos, whidi is conceived as 
the formless basis of the existing world.” Eneyelopcedia, 
I, p. 258. We find this chaos again in Laplace, emd 
approximately in the nebula which also has only the 
heginnir^ of form. Differentiation comes afterwards. 

The incorrect theory of porosity (in which the various 
false matters, caloric, etq., are situated in the pores of one 
another and yet do not penetrate one another) is pre- 
^ted by Hegel, Encychpoedia, I, p. 259, ^ as a pure 
figment of ^ mind ; see also bis Lo^e. 

Force.~l£ any kind of motion is transferred from one 
body to another, then one can tiegard the motion, in so 
>, * See Appcndi&Il, p. 341. 
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far as it transfers itself, as active, as the cause of the 
motion, and in so far as it becomes transferred, passive, 

and then this cause, the active motion,*^^appears as force - 
and the passive as its manifestation. From the law of 
the indestructibility of motion, it follows automatically 
that the force is exactly as great as its manifestation, 
since indeed it is the same mqtion in both cases. Motion 
that transfers itself, however, is more or less quantita- 
tively determinable, because it appears in two bodies, 
of which one can serve as a unit of measurement in order 
to measure the motion in the othei\ The measurability 
of motion gives the category force its value, otherwise 
it has none. Hence the more this is the case, the more 
are the categories of force and manifestation useful in 
research^ Especially is this so in mechanics, where one 
resolves the' forces still further and regards them as 
compound, thereby often arriving at new results, ' 
although one should not forget that this is merely a mental 
operation ; by applying the analogy of forces that are 
really compound, as expressed in the parallelogram ctf 
forces, to forces that are really simple, the latter still 
do not thereby become really compound. Similarly in 
statics. Then, again, in the transformai^ion of other 
forms of motion into mechanical motion (heat, elec- 
tricity, magnetism in the attraction of iron), where the 
original motion can be measured by the mechanical 
effect produced. But here, where various forms gi 
motion are considered simultaneously, the limitation 
of the category or abbreviation, Porc^, already stands 
revealed. !^o regular physicist any longer ^erms elec; 
tricity, magnetism, or heat mere fdrecs, any more than 
substances or imponderabilia. When we kndw into how 
much mechanical motion a definite quantity of heat 
motion is converted, we still do not know anything of the 
nature of heat, howevewmuch the examination of these 
transforiuations may be necessary for the investigation 
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of the nature of heat. To conceive heat as a form of 
motion is the latest advance of physics, and by so doing 
the category of force is sublateci in it : in certain con- 
nections — ^those oJ transition — ^they can appear as forces 
and so be measured. Thus heat is measured by the 
expansion of a body on warming. If heat did not pass 
here from one body to the other — ^the measuring rod — 
ue. if the heat of the body acting as a measuring rod did 
not alter, there could be no talk of measurement, of a 
change of magnitude. One says simply : heat expands 
a body, whereas to say : heat has the force to expand a 
body, would be a mere tautology, and to say : heat is the 
force which expands bodies, would not be correct, since 
expa:nsion, e.g. in gases, is produced also by other means, 
and heat is not exhaustively characterised in this way. 

Sojpe chemists speak also of chemical force, as the 
force that makes and maintains compounds. Here, 
however, there is no real transference, but a combination 
of the motion of various bodies into a single whole, and 
so force ” here reaches its limit. It is, however, still 
measurable by the heat production, but so far without 
much result. Here it becomes a phrase, as everywhere 
where, instead of investigating the unanalysed forms of 
motion, one invents a so-called force for their explanation 
(as, for instance, explaining the floating of wood in 
water by a floating force — ^the refraction of light by a 
refractive force, etc.), in which case as many forces are 
obtained as there arc unexplained phenomena, the 
external phenomenon being indeed merely translated 
into an internal phrase. (Attraction and repulsion are 
easier to excuse ; here a number of phenomena in- 
explicable to the physicist are embraced under a 
common name, which gives an inkling of an inner con- 
nection.) Finally in organic nature the category of 
force is completely inadequate and yet continually 
applied. True, it is possible to' characterise the action 



168 I>UtECn(S»Otf NATUJS& 

of the muscles, in accordance with their mischmucal 
effect, as muscular force, and also to measure it. One 
can even conceive ofr other measurable fiufctions bs 
forces, e.g. the digestive capaeity of various stomachs, 
but one quickly arrives ad ahsurdum (e.g. nervous force), 
and in any case one can speak here of forces only in a 
very restricted and figurative sense (the ordinary plu:ase<s 
to regain one’s forces). This abuse, however, has led 
to speaking of a vital force. If by this is meant that 
the form of motion in the organic body is different from 
the mechanical, physical, or chemical form, and contains 
them all sublated in itself, then it is a very lax manner of 
expression, and especially so because the force — pre- 
supposing transfer^ce of motion — ^appears here as 
something pumped into the organism from outside, not as 
inherent in it and mseparable hrom it, and therefo]^ this 
vital force has been the last refuge of all supematuralists.. 

The defect : (1) Force usually treaited as haying 
independent existence. Hegel, Naturphil. [Philosophy of 
Nature], p. 79.^ 

(2) Latent, dormant force — ^this to be explained from 
the relation of motion and rest (inertia, equilibrium), 
where ^so arous^ of forces to be d^t with. 

The indestructibility of motion in Descartes' principle 
that ^ universe always contains the same qumdity of 
motion. Natural scientists express this imperfectly as- 
the “ indestructibility of force.” The merely quantita- 
tive expression of Descartes is likewise inadequate: 
motion as sudi, as essential activity, therform of exisl^ce 
of matter, as indestructible as the latter itself, ipdudes thje . 
quantitative element. So hare again the philosopher h^ 
been confirmed by the natural scientist aft^ 200 years. 

“ Its essence (of motion) is to be the immediate tmity 
of space and time . . • to motion belong Space and 
^ See A^endix n, p. 84^. 
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time ; velocity, the quantum of motion, is space in 
relation to a definite time that has elapsed.” Hegel, 
Naturphil. [Philosophy of Nature], p, 65. ^ . Space 

and time are filled with matter . . . just as there is no 
motion without matter, so there is no matter without 
motion,” p. 67.2 

Force (see above). — ^The transference of motion takes 
place, of course, only in the presence of all the various 
conditions, which are often very numerous and complex, 
especially in machinery (the steam engine, the shot- 
gun with lock, trigger, percussion cap, and gunpowder)* 
If one of them is missing, then the transference does not 
take place imtil this condition is supplied. One can 
imagine this as if the force must first be aroused by the 
intsoduction of this last condition, as if it lay laterii 
in a body, the so-called carrier of force (gunpowder, 
charcoal), whereas in reality not only this body but all 
the other conditions must be present in order to evoke 
precisely this special transference. 

The notion of force comes to us quite automatically in 
that we possess in our own body iheans for transferring 
motion, which within certain limits can be brought into 
action by our will ; especially the muscles of the arms 
through which we produce mechanical change of place 
and motion of other bodies, lifting, carrying, throwing, 
hitting, etc., resulting in definite useful effects. The 
ftiotiqn is here apparently ‘produced, not transferred, and 
this gives rise to the notion of force in general producing 
motion. That muscular fqrce is also merely transference 
•h^s only recently been proved physiologically.® 

Motion pnd equilibrium . — Equilibrium is inseparable 

® See Appendix II, p. 343. 

- ® The chemical origin of muscular energy is now tmderstood in 

much gmater detail, and the first few steps in the harder problem of 
the origin of the energy liberated in t%c brain- have led to important 
aclvancM^ in the treatment of insanity. 
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from motion. In the motion of the heavenly bodies 
there is motion in e^ilibrium and eguUibrium in^ motion 
(relative). But all specifically relatire motion, i.e. 
in this case all separate motion of individual bodies on 
one of the heavenly bodies in motion, is an effort to 
establish relative rest, equilibrium. The possibility 
of a body being at relative rest, the possibility of 
temporary states of equilibrium, is the essential condition 
for the differentiation of matter- and hence for life. On 
the sun there is no equilibrium of the various substances, 
only of the mass as a whole, or at any rate only a very 
restricted one, determined by considerable differences of 
density; on the surface there is eternal motion and 
xmrest, -dissociation. On the moon, equilibrium appears 
to prevail exclusively, without any relative motion- 
death (moon=negativity). On the earth motion '“has 
become differentiated into interchange of motion and 
equilibrium the individual motion strives towards 
equilibrium, the motion as a whole once more destroys 
the individual equilibrium. The rock comes to rest, 
but weathering, the action of the ocean surf, of rivers 
and glacier ice continually destroys the equilibrium. 
Evaporation and rain, wind, heat, electric, and magnetic 
phenomena offer the same q)ectacle. Finally, in the 
living organism we see continual motion of all the 
smallest particles as well as of the larger organs, residting 
in the continual equilibrium of the total organism during 
the normal period of life, which yet always remains in 
motion, the living unity of motion and equilibrium.^ 
All equilibrium is only relative and temporary. 

Causality .— first thing that strikes "Us in con- 
sidering matter in motion is the interconnection of the 

^ The truth of this statement is constantly being d^onstrated 
abr^h. For example, it has been shown that during life even the bones^ 
which appear so solid, are constantly ejcchanging phosphorus atoms 

with thp hfrind. 
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individual motions of separate bodies, their being 
determined by one another. But not only do we find 
that a particulan motion is folloVed by another, we find 
also that we can evoke a particular motion by setting 
up the conditions in which it takes place in nature, 
indeed that we can produce motions which do not occur 
^t all in nature (industry), at least not in this way, and 
that' we can give these motions a predetermined direction 
and extent. In this way, by the activity of human 
beings, the idea of causality becomes established, the 
idea that one motion is the came of another. True, the 
regula.r sequence of certain natural phenomena can by 
itself give rise to the idea of causality : the heat and 
light that conic with the sun ; but this affords no proof, 
and to that extent Hume’s scepticism was correct in 
sayi»g that a regular post hod can never establish a 
.propter hoc. But the activity of . human beings forms 
the test of causality. . If we bring the sun’s rays to a focus 
by means of a lens and make them act like the rays of 
an ordinary fire, we thereby prove that the heat comes 
from the sun. If we bring together in a rifle the priming, 
the explosive charge, and the bullet and then fire it, 
we count upon the effect known in advance from pre- 
vious experience, because we can follow in all its details 
the whole process of ignition, combustion, explosion 
by the sudden conversion into gas and pressure of the 
gas on the bullet. And here the sceptic cannot even 
sa^ that because of previous experience it does not follow 
that it w'ill be thf same next time. For, as a matter of 
fact, it does sometimes happen that it is not the same, 
that the pfiniing or the gunpowder fails to work, that 
the barrel l^rsts, etc. But it is precisely this which 
proves causality instead of refuting it, because we can 
find out the cause of each such deviation from the rule 
by appropriate investigation : (^hemical decomposition 
of the priming, dampness, etc., .of the gunpowder, defect 
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in the barrel, etc., etc., So that hms the test of causality 
is so to say a double one. ^ 

Natural science, like plnlosophy, has hSthcrto entirely 
neglected the influence of mar’s activity on their 
thot^ht ^ ; both know only nature on the one hand and 
thought on the other. But it is precisely the alteration 
of nature by men, not solely nj^ture as such, which is the 
most essential and iimniediate basis of htunan thought, 
and it is in the measure that man has learned to change 
nature that his intelligence has increased. The natturaHs* 
tic conception of history, as found, for instance, to a 
greater or lesser extent in Draper and other scientists, 
as if nature exclusively reacts on man, and natural 
conditions everywhae exclusively determined his 
historical developmoxt, is therefore one-sided and forgets 
that man also reacts on nature, changing it and creating 
new conditions of existence for himself. There is 
damned little left of “ nature ” as it was in Germany 
at the time when the Germanic peoples^ immigrated 
into it. The earth’s surface, climate, vegetation, fauna, 
£md the human beings themselves have continually 
changed, and all this owing to human activity, while 
the changes of narine in Grerinany which have occurred 
in the process of time without humah interference «ct 
incalculably small. 

» ‘ • 1 

Newtonian €h^amtdtion.—Tb& best that can be said 
of.it is that it does not explain but pkiures the presold 
state of planetary motion. The motion is given. 
Ditto the force of attraction of the sun. With these 
data, how is- the motion to be explained?*^ By the' 
paraUdogrsm of forces, by a tai^ential f^ce which 
how becomes a necessary postulate that we must 

^ ' Since Kxigdts* time ph^icists are beginning to think jp tenns of 
opexations (human activities) rathep than to consider themselves as 
merely passive observers* Buf outside physics the tendency has not 
yet developed appreciably. • - 
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accept. That is to say, assuming the eternal character 
of the existing state, we need a first impulse^ God. 
But neither is^^the existing planetary state eternal nor 
is the motion originally compound, but simple rotation^ 
and the parallelogram of forces applied here is wrong, 
because it did not merely show clearly what was the 
unknown magnitude, the a?, that had still to be found, 
that is to say^in so far as Newton clsaimed not merely to 
put the question but to solve it. 

Force. — The negative side also has to.be analysed; 
the resistance which is opposed to the transference of the 
motion.^ 

Reciprocal action is the first thing that we encounter 
wl^n we consider matter in motion, as a Whole froin the 
standpoint of modem natural science. We see a series of 
forms of motion, mechanical motion, heat, light, elec- 
tricity, magnetism, chemical union and decomposition, 
transitions of states of aggregation, organic life, all of 
which, if at present we still make an exception of organic 
life, pass into one another, mutually determine one 
another, are in one place cause and in another effect, the 
*sum-total of the motion in all its changing forms remain- 
ing the same (Spinoza: substance is causa sui — ^strikingly 
expresses the reciprocal action). Mechanical motion 
becomes transformed into heat, electricity, magnetism, 
**light, etc., and vice versa. Thus natural science confirms 
what Hegel has said (where ?) that reciprocal action is 
the true causa finalis of things. We cannot go back 
further 4han to knowledge of this reciprocal action, 
for the '^ery reason that there is nothing behind to 
know. If we know the forms of motion of matter (for 

1 Here again the progress of physics has been dialectical. The more 
energy (n&otion in the broadest sense) a body has, the more its inertia, 
ix. resistance to being moved. It is i^ssiblc that all inertia is a mani- 
festation of energy. ' 
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■which it is tiue there is still very much lacking, in 
view of the i^ort time that natural science has ;^isted), 
then we know matter its^, and therewith our knowledge 
is complete. (Grove’s whole misimderstanding about 
causality rests on the fact that he does not succeed in 
. arriving at the category of reciprocal action ; he has 
the thing, biit not the abstract thought, and hence the^ 
confusion — ^pp. 10-14. *) Only from thiS universal re- 
ciprocal action do we arrive at the real causal relation. 
In order to understand the separate phenomena, we. 
have to tear them out of the general inter-coimection 
and consider them in isolation, and there the changing 
motions appear^ one ks cause and the other as effect. 

The indestructibility of motion, a pretty passage in 
Grove, p. 20 et seq.^ ** 

Mechanical Motion . — Amoiig natural scientists motion 
is always as a matter of course taken as mechanical 
motion, change of place. This is a survival from the 
pre-chemical eighteenth century and makes a clear 
conception of the processes much more difficult. Motion, 
as applied to matter, is change' in general. From thb 
same misimderstanding is derived also the craze to 
reduce everything to mechanical motion — even Grove 
is “ strongly inclined to bdieve that the other affections 
of matter . . . jure, and will ultimately be resolved inte^ 
modes of motion,” p. 16 »— which obliterates the specific 
character of the other forms of motioh. This is not 
to say that each of the higher forms of motion is not- 
always necessarily connected with real Tne<»hn.nii»ftT 
(external or molecular) motion, just as the hig[her forms 
of motion simultaneously also produce other forms ; 
chemical action is not possible without change of 

1 See Appendix U, p. 84a. . *, » See Appendix II, p. 340. 
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temperature and electric changes, organic life without 
mechanical, molecular, chemical, thermal, electric, 
changes, etc. »But the presence of these subsidiary 
forms does not exhaust the essence of the main form 
in each case. One day we shall certainly “ reduce ” 
thought experimentally to molecular and chemical 
motions in the brain ; but does that exhaust the essence 
of thought ? • ' 

The divisibility of matter. For science the question is 
in practice a matter of indifference. We known that in 
chemistry there is a definite limit to divisibility, beyond 
which bodies can no longer act chemically — ^the atom ; 
and that several atoms are always ^ in combination — 
the molecule. Ditto in ph3rsics we are driven to the ^ 
acceptance of certain — ^for physical analysis— smallest 
particles, the .arrangement of -which determines the 
form and cohesion of bodies, their vibrations becoming 
evident as heat, etc. But whether the physical and 
chemical molecules are identical or different, we do not 
yet. know. 2 Hegel very easily gets over this question, 
of divisibility by saying that matter is both divisible* 
md continuous, and at the same time neither of the two, 
which is no answer (see sheet 6, 8 below: Clausius), 
but is now almost proved. 

Natural scientific thought. — ^Agassiz’s plan of creation, 
%,ccording to which God proceeded in creation from the 
general to the^ particular and individual, first creating 
the vertebrate as such, then the mammal as such, the 
• animal of prey as such, the cat as such, and only finally 

1 This is ijjot strictly correct j though generally believed fifty years ago, 

A few elements, e.g. neon and mercury, exist as single atoms at ordinary 
temperatures, and all do so when very hot. 

* We now know that this is true for some substances, but not for all. 
For example, a metal owes its mechanical properties to the fact that 
it is built up of very small ciystalsu each consisting of millions- of 
atoms, ^ 
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the lion, etc. ! That is to say, first of all abstract ideas 
in the sltepe of concrete things and then concrete things 1 
See Hsedkel, p. 69.^ ” » 

Induction and Deduction. Hsedkel, "p. 75 et seq.,^ 
where Gk>ethe draws the inductiTe conctusion tl»t man, 
who does not normally have a piemaxillaTy bone, musd 
have one, hence by incorrecd induction axilves at somer 
tiling correct. 

In Okenv(Hseckel, p. 85 «fseg.) the nonsenS'e that has 
aris^' from the dualism between natural science and 
philosophy is evident. By the path of thought, Oken 
discovers protoplasm and the cell, but it does not occur 
r to anyone to follow up the matter along the lines of 
natural science— it is to be accomplished by ihougM! 
And when protoplasm and the cell were iHscovered, 
Oken was in genaral dispute I 

Causes finales and efficientes transformed by Hseckdl, 
pp. 89-90,* into •purposively acting and metihanicatty 
"acting Causes, because for him causa finaiis=God l 
Likewise tor him mechanical, simply according to,, 
Eant,=monistic, not=amech^cal in the sense of 
mechanics. With such confution of kmguage, nonsmise 
•is inevitable. What Hseckel says here of Kant’s “ Critique 
of Jttd^^nmt,'' does not agree with H^el, &.d. PMl. 
\jEiistory of Philosophy\, p. 

God is nowhere treats wome than by natural 
scientists, who bdieve in him. Materialists" simply 
eqilain the facts, without making use of. suck phrases, 
th^ do this first when importunate pious believers try 
to force God upon them, and then they answer curtly, 

► . * See Appendix n, p. 848. f * See Appendix H, p. 847. 

*, * See Aj^tepdix 11, p. 848. 
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either like Laplace : Sire, je n’avdis pas, etc.,^ or more 
rudely’ in the manner of the Dutch merchants who, 
when German commercial trayfellers press their shoddy 
goods on them, are accustomed to turn them away 
with the words : Ik kan die Zaken niet gebruiken [I 
have no use for the things], and that is the end of the 
''matter. But what God has had to suffer at the hands 
of his defenders ! In the’ history of modern natural 
science, God is treated by his defenders as Frederick 
William III was treated by his generals and -offieials in 
the campaign of Jena. One division of the army after 
another lowers its weapons, one fortress after another 
capitulates before the march of science, until at last the 
whole infinite realm of nature is conquered by science, 
and there is no place left in it for the Creator. Newton 
still^llowed Him the “ first impulse ” but forbade Him 
. any further interference in his solar system. Father 
Secchi bows Him out of the solar system altogether, 
with all canonical honours it is true, but none the less 
categorically for all that, and he onily allows Him a 
creative act as. regards the primordial nebula. And so 
in all spheres. In biology, his last great Don Quixote, 
j^ssiz even ascribes positive nonsense to Him ; He is 
supposed to have created not only the actual animals 
but also abstract animals, the fish as such ! And finally 
Tyndall ^ totally forbids Him any entry into nature and 
relegates him to the world of emotional processes, only 
afimitting Him because, after all, there must be some- 
body who knows more about all these things (nature) 
than J. Tyndall ! What a distance from the old God — ■ 
the Creator of heaven and earth, the maintainer of all 
things — ^wilihout whom not a hair can fall from the 
head ! 

‘ When Napoleon asked him why God did not appear in his System 
of the World,” he answered “ Sir, I have had no reason to employ that 
hypothesis.” 

' See Appendix’ 11, p, 849. 
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Tyndall’s emotional need proves nothing. The 
Chevalier des Grieux also had an emotional need to 
love and possess Manon Lescaut, who ^sold herSelf and 
him over and over again; for her sake he became a 
card-sharper and pimp, and if Tyndall wants to re- 
proach him, he replies with his “ emotional need ! ” 

God=nescio ; but ignorantia non est argumentum^ 
(Spinoza). ' c 

Aggregates in Nature. — ^Insect states (the ordinary 
ones do not go beyond purely natural conditions), here ' 
even a social aggregate. Ditto productive animals 
with tools (bees, etc., beavers), but still only subsidiary 
things and without total effect. Even earlier : colonies 
of corals and hydrozoa, where the individual is at most 
an intermediate stage and the fleshly community mc^ly 
a stage of the full development. See Nicholson. 
Similarly, the infusoria, the highest, and in part very 
much diflerentiated, form which a single cell can achieve. 

Unity of Nature and Mind. — ^To the Greeks it was self- 
CAudent that nature could not be unreasonable, but even 
to-day the stupidest empiricists prove by their reasoning 
(however wrong it may be) that they are convinced 
from the ou et that nature cannot be unreasonable or 
reason contrary to nature. 

The classification of scienceSf each of which analyses o 
single form of motion, ot a series of forms that ^long 
together and pass into one another, is t^n the classifi- 
cation, the arrangement, of those forms of motion them-* 
selves according to their inherent sequence, and herdn : 
lies its importance. ' 

• At the end of the last century, after the French 
materialists who were predominantly mechanical, the 
need became evident t<^ an encyclopcedie comprehensive 
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treatment of the entire natural science of the old Newton- 
Linnsetjs school, and two men of the greatest genius 
undertook this,^ Saint Simon funcompleted) and Hegel 
To-day, when the new outlook on nature is complete 
in its basic features, the same need makes itself felt, 
and attempts arc being made in this direction. But 
where now the general evolutionary connection in nature 
has to be sho-v^n, an external side by side arrangement is 
as inadequate as Hegel’s artificially constructed dia- 
lectical transitions. The transitions must make them- 
selves, they must be natural. Just as one form of motion 
develops out of another, so their reflections, the various 
sciences, must arise necessarily the one from another. 


Protista,^ — 1. Non-cellular, begin with a simple 
graAule of protein which extends and withdraws 
pseudopodia in one form or another, including the 
monera. (The Monera of the present day are certainly 
very different from the original forms, since for the 
most part they live on organic matter, swallowing 
diatoms and infusoria, i.e. bodies higher than themselves 
which only arose after them), and, as Haeckel’s plate I 
shows, have a developmental history and pass through 
the form of non-cellular ciliate swarm-spores. The 
tendency towards form which characterises all albu- 
minous bodies ^ is already evident here. This tendency 
is more prominent in the non-cellular foraminifera, 
which excrete highly artificial shells (anticipating 
♦ 

^ This whole ptissugc is based on o.bservations whicti arc only partly 
^.oorreet. TJ^e development of microscopical technique has shown that 
the simplest oi^anisms larjge enough to’ be visible have a great deal of 
stracture. iUl the organisms which Engels put in groups 1 and 2 
now turn out to have nuclei. On the other hand, some of the ultra- 
microscopic viruses turn out to be single protein molecules. That is to 
say they have no structure except the chemical structure that belongs 
to them as4>rotein$. 

* Protein molecules may . aggregate into crystals, fibres, or what 
are called tactoids, which resemble or^nie structures, and of which 
inde^ many organic structures within thVmll arc examples. 
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colonies ? corals, etc.) and anticipate the htg Vr 
molluscs in form just as the tubular algse (Siphonese) 
anticipate the stem, root?, and leaf form^of higher plants, 
although they are merely structureless albumen. Hence 
Proiamceba is to be separated from Amceba. 

2. On the one hand there arises the distinction/ of 
skin (ectosare) and medullary layer (endosarc) in the 
sun animalcule Actinophrys'sol, Nicholson, p. 49. The 
skin puts out pseudopodia (in Proiomyxa aurantiaca, 
this stage is already a transitional one, see TT«>c k fl , 
plate I). Along this line of evolution protein does not 
appear to have got very far. 

8. On the other hand, there become differentiated m 
the albumen the nucleus and nucleolus — naked Anuebte, 
From now on the development of form proceeds apace. 
Similarly, the development of the yoimg cell in^ the 
organism, cf. Wundi on this (at the beginning). In 
A, spkterococcus, as in Protomym, the formation of the 
cell membrane is only a transitional phase, but even 
here there is already the beginning of the circulation 
in the contractile vacuole. Sometimes we find either a 
rfiell of ^d grains stuck together {Difflugia, Nicholson, 
p. 47) as in worms and insect larvae, sometimes a genuinely 
eccreted shell. Finally, 

4. The ceUwith a permanent cell membrane. According 
to Heckel, p. 882,i out of this has arisen, dep<rading on 
the hardness of the cell membrane, either plant, or in 
the case of a soft membrane, animal (it certainly 
be cCneeived so generally ?). With the cell 
definite and at the same, time plastic form makes its 
appearance. Here again a d i stinction between simple 
cell membrane ^and excreted shell. But (in.contrast to 
No. 8) the putting out of pseudopodia stops with this cell 
membrane and this shell. Repetition of earUer forms 
(ciliate swarm^sppres) and diversity of form. The 
* See A^K^bc II, p. 849. 
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transition is provided by the Labytinthulece, Hreckel, 
p. 885,1 which deposit their pseudopodia outside and 
creep ^out in» this network* with alteration of the 
normal^ spindle shape kept within definite limits. The 
Gregarirm anticipate the mode of life of higher parasites — 
some are already no longer single cells but chains of 

* cells— Haeckel, p. 451, but only containing 2-3 cells — 
a poor sort of»aggregate. 'The highest development of 
unicellular organism is in the Infusoria, in so far as 

.these are really unicellular. Here a considerable 
differentiation (see Nicholson). Once again colonies 
and plant animals (Epistylis). Among unicellular plants 
likewise a high development of form (Desmidiacece, 
Haeckel, p. 410).* 

5. The next advance is the union of several cells into 
a b«dy, no longer a colony. First of all, the KataUaktce 
of Haeckel, Magosphcera planula, Haeckel, p. 884,* where 
the union of the cells is only a phase in development. 
But here also there are already no pseudopodia (whether 
there aire any as a transitional phaise Haeckel does not 
state exactly). On the other hand, the Radiolaria, adso 
undifferentiated masses of cells, have retained their 
pseudopodia and have developed to the highest extent 
the geometric regularity of the shell, which plays a 
pairt even among the genuinely non-cellular rhizopods. 
The protein surrounds itself, so to speak, with its 
crystalline form. 

* 6. Magosphcera planula forms the transition to the 
true Planula §nd Gastrula, etc. Further details in 

Haeckel, p. 452 et seq. * 

• • 

The Individual.-— This concept also has been dissolved 
into something purely relative. Cormus, colony, tape- 
worm — on the other hand, cell and segment as individuals 
in a certain sense (anthropogeny and morphology). 

^ Sec Apficndix 849-51. 
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RepeWtion of morphological forms at all stages of 
evolution : cell forms (the two essential ones a.lready 
in Gastrula) — segment formation at a certain stage ; 
annelids, arthropods, vertebrates. In the tadpoles of 
amphibians the primitive form of ascidian larv» is re- 
peated. Various forms of marsupials, which recur among 
placentals i (even counting only existing marsupials). 

For the entire evolution 6f organisms the, law of 
acceleration according to the square of the distance in 
time from the point of departure is to be accepted. 
Cf. Hseckel, History of Creation and Antiiropogeny, the 
organic forms corresponding to . the various geological 
periods. The higher, the more rapidly it proceeds. 

The whole of organic nature is one continuous proof of 
the identity or inseparability of form and content. 
Morphological and physiological phenomena, form and 
function, mutually determine one another.. The differ- 
entiation of form (the cell) determines differentiation of 
substance into muscle, skin, bone, epithelium, etc., 
and the differentiation of material in turn determines, 
difference of form. 

The Kinetic theory of gases : “ In a perfect gas ... 
the molecules are already so faf distant from one 
another than their mutual interaction can be neglected ” 
(Clausius, p. 6).2 What Jills up the spaces between them f 
Ditto ether. Hence here the postulate of a matter that is 
not made up of molecular or atomic cells. 

The law of identity in the old metaphysical sense is the 
fundamental law of the old outlook: a=ac Each 
thing is equal to itself. Everything was permanent, the 
solar system, stars, organisms. This law' has been 
refuted by natural science bit by bit in esudi separate 

* i5.g. there are marsupials closely resembling the dog ''and the 
mole. 

^ ' See ApiK'iulix II, p. 351. 
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case, but theoretically it still prevails and is still put 
forward by the supporters of the old in opposition to 
the new : a thkig cannot simultaneously be itself and 
something else. And yet the fact that true, concrete 
identity includes difference, change, has recently been 
shown in detail by natural science (sec above). Abstract 
^identity, like all metaphysical categories, suffices for 
everyday use, » where small-scale conditions or brief 
periods of time are in question ; the limits within which 
,it is usable differ in almost every case and arc determined 
by the nature of the object. For a planetary system, 
where for ordinary astronomical calculation the ellipse 
can be taken as the basic form without committing errors 
in practice, they are much wider than for an insect that 
completes its metamorphosis in a few weeks. (Give 
oth»r examples, e.g. alteration of species, w'hich is 
reckoned in periods of many thousands of years.) For 
natural science in its comprehensive role, however, 
even in each single branch, abstract identity is totally 
insufficient, and although on the whole it has now been 
abolished in practice, theoretically it still dominates 
people’s minds, and most, natural scientists imagine that 
identity and difference are irreconcilable opposites, 
instead of one-sided poles the truth of which lies only in 
their reciprocal action, in the inclusion of difference 
mthin identity. 

^ Natural scientists believe that they free themselves 
from philosoph^v by ignoring it or abusing it. They 
cannot, however, make any headway without thought, 
*and for ^thought they need thought determinations. 
But they take these categories unreflectingly from the 
common consciousness of so-called educated persons, 
which is ^dominated by the relics of long obsolete philo- 
sophies, or from the little bit of philosophy compulsorily 
listened to at the university |Vhich is not only frag- 
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mentsEry, but also a medley of views of people belonging 
to the most varied and usually the worst schools), or 
from uncritical and unsystematic ref^ing of philo- 
sophical writings of all kinds. Hence they are no less 
in bondage to philosophy, but unfortunately in most 
eases to the worst philosophy, and those who abuse 
phil osophy most are slaves to precisely the worst ^ 
vulgarised relics of the worsfr'philosopherfi. 

Historical . — ^Modern natural science— -the only one 
which comes in question qua science as against the 
brilliant intuitions of the Greeks and the sporadic 
unconnected investigations of the Arabs — ^begins with 
that mighty epoch when feudalism was smashed by the 
burghers. In the background of the struggle between 
^ the burghers of the towns and the feudal nobility ^tfiis 
epoch showed the peasant in revolt, and behind the 
peasant the revolutionary beginnings of the modem 
proletariat, already red flag in hand and with com- 
munism on its lips. It was the epoch which brought 
into being the great monarchies in Europe, broke the 
. spiritual dictatorship of the Pope, evoked the revival 
of Greek antiquity and with it the highest artistic 
development of the new age, broke through the boun- 
daries of the old world, and for the first time really dis- 
covered the world. 

It was the greatest revolution that the world had so far 
experienced. Natural science also moved and had: its 
being in this revolution, was revolutionary through and 
through, advanced hand in hand with^the a'nakenmg 
modern philosophy of the great Italians, and <provided 
its martyrs for the stake and the prisons. It is charac- 
teristic that protestants and catholics vied with one 
another in. persecuting it. The former burned Servetus, 
the latter Giordano Bruno. It was a time -thht called 
for giants and producj^ giants, giants in learning. 



DIALECnds dv NATURE— NOTES 185 

intellect, and character, a time that the French correctly 
called the Renaissance and protestant Europe with one- 
sided prejudice called the tim& of the Reformation. 

At that time natural science also had its declaration 
of independence, though it is true it did not come right 
at the beginning, any more than that Luther was the 
first protestant. What Luther’s burning of the papal 
bidl in the religious’ field, in the field of natural 
science was the great work of Copernicus, in which he, 
although modestly, after thirty yews’ hesitation and 
so to say on his death bed, threw down a challenge to 
ecclesiastical superstition. From then on natmral science 
was in essence emancipated from religion, although the 
complete settlement of accoimts in all details has gone 
on to the present day and in many minds is still fw from , 
being complete. But from then on the development of 
science went forwwd with giant strides, increasing, so 
to speak, proportionately to the squwe of the distance 
in time from its point of departure, as if it wanted to 
show the world that for the motion of the highest 
product of organic matter, the human mind, the law of 
inverse squares holds good, as it does for the motion of*' 
inorganic matter. 

The first period of modem natural science ends — ^in the 
inorganic sphere— with Newton. It is the period in 
which the available subject matter was ’ mastered ; it 
performed a great work in the fields of mathematics,* 
fliechanicS and astronomy, statics, an4 d 3 manucs, 
especially owi^g to Kepler and Galileo, from whom , 
Newton drew his conclusions. In the organic sphere, 

• however,* there had been no progress beyond the first 
beginnings The investigation of the- forms of life 
historically succeeding one another and replacing one 
another, as well as the changing conditions of life 
corresponding to thein — palaeontology and geology— 
did not yet exist. Nattue tviZknot at all regarded as 
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something that developed historically, that had a history 
in time ; only extension in space was taken into account ; 
the various forms were grGuped not one «tfter the' other, 
but only one beside the other ; natural history was valid 
for all periods, like the elliptical orbits of the planets. 
For any closer analysis of organic structure both the 
immediate bases were lacking, viz. chemistry and 
knowledge of the essential ofganic structure, the cell. 
Natural science, at the outset revolutionary, Was con- 
fronted by an out-and-out conservative nature, in which 
everything remained to-day as it was at the beginning 
of the world, and in which right to the end of the world 
everything would remain as it had been in the be- 
ginning. 

It is characteristic that this conservative outlook on 
nature both in the inorganic and in the organic sphere 
. . .1 

Astronomy Geology 

Mechanics Physics Paleeontology 

Mathematics Chemistry Mineralogy 

Plant physiology 

Animal physiology Therapeutics • 

Anatomy Diagnostics 

The first bfeach : Kant and Laplace. ' The second : 
■Geology and Palaeontology (Lyell, slow development). 
The third : organic chemistry, which prepares organi* 
bodies and shows the validity of chemical laws for 
living bodies. The fourth: 1842, m&hanical heat. 
Grove. The fifth : Darwin, Lamarck, the «ell, etc. 
(Struggle, Cuvier and Agassiz). The sixth: the 
comparative element in anatomy, climatology (iWtherms), 
scientific expeditions since the middle of the eighteenth 
century, animal and pl^t geography, physical geo- 

- ^ llie sentence is irtcj^{ijete in the nmnuscript—jSd. 
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graphy in general (Humboldt). The assembling of the 
material in it^ interconnection. Morphology (embry- 
olt^, Baer). 

The old teleology has gone to the devil, but the 
certainty now stands firm that matter in its eternal 
cycle moves according to laws which at a definite stage 
— ^now here, now there-;;-necessarily give rise to the 
thinking min<3 in organic beings. 

The normal existence of animals is given by the 
conditions in which they live and to which they adapt 
themselves — ^those of man, as soon as he differentiates 
hims elf from the animal in the narrower sense, have 
as yet never been present, and are only to be elaborated 
by the ensuing historical development. Man is the sole 
anfinal capable of working his way out of the merely 
animal state — his normal state is one appropriate to his 
consciousness, one io he created by himself. 

The contradictory character of theoretical develop- 
ment ; from the horror vacui the transition was mnde at 
once to absolutely empty space, only afterwards the ether. 

Generatio JEquivoca .^ — ^All investigations hitherto as 
follows : in fluids containing organic matter in decompo- 
sition and accessible to the air, lower organisms arise, 
protista, fungi, infusoria. Whence do they come ? 
feive they arisen by generatio cequivoca, ox from gams 
brought in from the atmosphere ? Consequently the 
investigation is limited to a quite narrow field, to the 
' question of plasmogony. 

The assumption that new living organisms can arise 
by the decomposition of others belongs essentially to the 

^ This phrase is generally translated as spontaneous generation/’ 
The whole section which follows is extremely up-to-date. Except 
for a fow details, Engels’ aigument 'Imlds good to-day, and a great 
many- facts have been discovered whicnronfirni it. 
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epoch of immutable species. At that time men found 
themselves compelled to assume the^ origin ,of all 
orgasms, even the most complicate, by original 
generation from non-living materials, and if they did 
not want to resort to the aid of an act of creation, they 
easily arrived at the view that this process is more 
readily explicable given a fmrmative material already 
derived from the organic world; no ode any longer 
believes in the production of a mammal directly from 
inorganic matter by chemical means. 

This assmnption, however, directly conflicts with 
the present state of science. By the analysis of the 
process of decomposition in dead organic bodies chemistry 
proves that at each successive step this process nec^- 
sarily produces products that more and more approxi-' 
mate to the dead inorganic world, products t^j^f^are 
less and less capable of being used by the organic world, 
and that this process can be given another direction^ 
such utilisation being able to occur only when these 
forodacts of decomposition are alKiorbed early trough 
in an .appropriate, already existing, organism. It is 
predsely the most essential vehicle of cell-formation, 
protrin, that decomposes first of all, and so far it has 
never been built up again. 

Still .more. The organisms whose original genoratiim 
from organic fluids is the question at issue in these 
investigations, while being of a comparatively low ordei^ 
are nevertheless definitely difrerentiated, bacteria, 
yeasts, etc., with a life cycle composed of various phases 
and in part, as in the case o£ the infusmia, equipped with 
fairly well developed organs. "Hiey ate all* at least ^ 
unicellular. But ever since we have been aojuainted 
with the structureless Monera,! it has become foolish 

* The “ Monem are not etnictnreless. Actually the gep between 
prott^oa and bacteria on the one hand» end small filter-passing viruses 
on the other^ is larger than^he gap which Engels mentions. His 
aignineiit in fact been 
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to desire to explain the origin of even a sin^e cell 
directly from dead inatter instead of from structmeless 
living ]^rotem, to believe it impossible by means of a 
little stinking water to force nature to accomplish in 
twenty-four hours what it has cost her thousands of 
years to bring about. 

• Pasteur’s attempts in this direction are useless ; for 
those who believe in this possibility he will never be able to 
prove their impossibility by these experiments alone, but 
they are important because they furnish much enlighten- 
’ ment on these organisms, their life, their germs, etc. 

jPorce.— Hegel, Gesch. d, Phil. [History of Philosophy'], 
I, p. 208, says ; 

“ It is better expressed (as Thales does) that the 
magnet has a soul, than that it has an attracting 
fares ; force is a sort of property that, separcdfle from 
matter, is imagined as a predicate — soul, on the other 
hand„ being its movement, identical zeith the nature of 
matter'^ 

Hseckel, Anthropology, p. 707.^ “ According to the 

materialist outlook on the world, matter or stuff was 
present earlier than motion or vis viva, matter created 
force.” This is* just as false as that- force created 
matter, since force and matter are inseparable. Where 
does he get his materialism from ? 

Mayer, Mechanische Theorie der WSrme [Medianicai 
Theory of Heed], p. 828. Kant has already stated that the 
ebb and flow of tides exert a retarding pressure bn the 
rotating earth. * (Adams’ calculation that the duration 
"of the sidereal day 2 is now increasing by 1/100 second in 
1,000 yearsr). 

^ See Appendix 11, p. 852, 

^ the time between two sueoessiye pasm^es of the same fixed 

star across the meridian at a given points lliis is much more nearly 
constant than the ordinary or solar day, and can also of course be 
measur^ fsr more accurately* 
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An example of the necessity of dialectical thought 
and of non-rigid categories and relations in nature; 
the law of falling, which already in the cafe of a pftiod of 
fall of some minutes becomes incorrectii since then the 
radius of the earth can no longer without error be put = oo, 
fund the attraction of the earth increases instead of 
remaining constant as Galileo’s law of falling assumes. 
Nevertheless, this law is still continually tgught, but the 
reservation omitted I 

Moriz Wagner, NatunoissenschaJiHche Streitfragen 
[Controversicd Questions of Natural Science], I {Augsburger 
AUgemeine Zdtung, Beilage, 6, 7, 8, October, 1874). 

Liebig’s statement to W'agner in his last year, 1868 : 

“ We may only assume that life is just as old and 
just as eternal as matter itself, and the whole confro- 
versial point about the origin of life seems to me to be 
disposed of by this simple assumption. In point of 
fact, why should not organic life be thought of as 
present from the very beginning just as much as 
carbon and its compounds (!), or as the whole of. 
uncreatable and indestructible matter in general, 
and the forces that ate eternally bound up with the 
motion of matter in space ? ” 

Liebig said further (Wagner believes November, 
,868) that he also regards the hypothesis, that organic 
ife has been “ imported ” on to our planet from universal 
pace, as “ acceptable.” 

Helmholtz (Preface to Thomson’s Handbuch der 
heoreiischen Physik [Handbook of Phewetical Physics],. 
lerman edition, part II) : 

“ It appears to me to be a fully correct proceaure, 
if all our efforts fail to cause the produdion of organisms 
jrom non-living substance, to raise the question whether 
life has ever arisen, whether it is not just fts old as 
matter, and whethcr^s germs have not been trans- 
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ported from one heavenly body to another aiid have 

developed wherever they have found favourable soil.” 

% 

Wagner : 

‘‘ The fact that matter is indestructible and im- 
perishable, that it . . . can by no force be reduced 
to nothing, suffices for the chemist to regard it as 
uncreatable ' . . • But according to the now pre- 
vailing view (?) life is regarded merely as a ‘ property ’ 
inherent in certain simple elements, of which the 
lowest organisms consist, and which, as a matter of 
course, must be as old, Le, as originally existing, as 
these basic stuffs and their compounds (! !) themselves.” 

n this sense one could also speak of vital force, as Liebig 
loes (Chemische Briefe [Letters on Chemistry], 4th 
idition) ; ’ 

Namely as ‘ a formative principle in and together 
with the physical forces,’ hence not acting outside of 
matter. This vital force as a ‘ property of matter/ 
however, manifests itself . . . only under appropriate 
conditions which have existed since eternity at 
innumerable points in infinite space, but which in the 
course of the different periods of time must often 
enough have been spatially varied.” 

lerice no life is possible on the ancient fluid earth dr 
he present-day sun,, but the glowing bodies .have 
inormously expanded atmospheres, consisting, according 
o recent views, of the same materials that fill all space 
n extremely rarified form and are attracted by bodies. 
The rotatii^g nebular mass from which the solar system 
leyeloped, reaching beyoiid the orbit of Neptune, 
tontain^d also all water (!) dissolved in vaporous 
brm in an atmosphere richly impregnated with carbonic 
icid (!) up to immeasurable heights, and with that also 
he basic ma;terials for the existence (?) of the lowest 
►rganic* germs” ; in it there prevailed ‘‘ the most various 
legrccs of temperature in thc\cry different regions, and 
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hence.the assumption is fuXly justified that at all times 
the conditions necessary for oi^anic life were somewhere 
to be found. According to this the atmospheres *of the 
heavenly bodies like those of the rotating cosmic nebular 
masses, would have to be regarded as the permanent 
rqKJsitcnries of the living form, as the eternal breeding 
grounds of organic germs.” In the Andes, below the 
equator, the smallest living protista with l^eir invisible 
germs are still present in masses in the atmosphere up 
to 16,000 feet. Perty says that they are “almost 
omnipresent.” They are only absent where the glowing 
heat kills them. Hence their existence {Vibrionidte, 
etc.) -is conceivable “ako in the vapour belt of aU 
heavenly bodies, wherever the appropriate conditions 
are to be found.” 

“ According to Cohn, bacteria are ... so extremely 
minute that -688 million can find room in a cubic milli- 
metre, and 636,000 million weigh only a gramme. The 
micrococci are even smaller,” and perhaps they are not 
the smaUest. But being very varied in shape, “ the 
Vibrionidee . . . sometimes globular, sometimes ovoid, 
•sometimes rod-shaped or spiriform,” (already possess, 
therefore, a consido^ble measure of form). “ Hitherto 
no valid objection has been raised against the well-* 
founded hypothesis that all the multifarious, more- 
highly organised living beings of both natural ItingHoirni 
eouM have developed and must have developed in the 
course of very long periods of time from such, or similar, * 
extremely simple (! !), . neutml, primordial beings, 
hovmng between plants and animals . .1 on the b«ieig 
of individual variability and the capacity for heredit^' 
transmission of newly acquired characters to the off- 
spring on alta»tion of the physical conditio^ of the 
heavenly bodies and on spatial separation of the indi- 
vidual varieties produced.”, • 

The proo:^' worth noti^, how much of a dilettante 
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Liebig was in biology, although the latter is a science 
bordering on ijjfcieinistry. He ^ead Darwin for the first 
time in 1861, and only much later the important bio- 
logical and pateontologicalrgeological works subsequent 
to Darwin. Lamarck he had “ never read.” “ Similarly 
the important palaeontological special researches which 
appeared even before 1849, of L. V. Buch, d’Orbigny, 
Munster, Klipstein, Hauer, and Quenstadt on the fossil 
Cephaiopods, that throw such remarkable light on the 
genetic connection of the various creations, remained 
completely unknown to him. All the above-mentioned 
scientists were . , , driven by the force of facts, 
almost against their will, to the Lamarckian hypothesis 
of descent,” and this indeed before Darwin’s book. 
The theory of descent, therefore, had already quietly 
struck roots in the views of those scientists who had 
concerned themselves more closely with the comparative 
study of fossil organisms. ... As early as 1832, in 

On the Ammonites and their Division into Families,” 
L. V. Buch very definitely introduced in the science of 
petrefacts (!) The Lamarckian Idea of the Typical 
Relationship of Organic Forms as a Sign of their Common 
Descent,” the title of a paper read before the Berlin 
Academy in 1848, and in 1848 he based himself on his 
investigation of the ammonites for the declaration : 
‘‘ that the disappearance of old forms and the appearance 
gf new ones is not a consequence of the total destruction 
of the organic creations, but that the formatirm of new 
species out of oider forms has most probably only resulted 
from Altered conditions of life:^^ 

Comments. — The above hypothesis of eternal life ”* 
and of im{)ortation presupposes : 

1. The eternal existence of protein. 

2. The eternal existence of the original forms from 
which everything organic cafi^ develop. Both are in- 
admissible. 
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Ad. 1.— Liebig’s assertion; that carbon compounds 
are just as eternal as carbon itself, is inexact, jif not 
false. * 

(a) Is carbon simple ? * If nOt, it is as such not 
eternal. 

(i) The compounds of carbon are eternal in the sense 
that imder similar conditions of mixture, temperature, 
pressure, electric potentiisd, etc., they alw^s reproduce 
themselves. But that, for instance, only the simplest 
carbon compounds, COj or CH4, should be eternal in 
the sense that they exist at all times and more or less 
in all places, and not rather that they are continually 
produced anew and pass out of existence again^ — ^in 
fact, out of the elements and into the elements — ^has 
. hitherto not been asserted. If living protein is eternal 
in the same sense as other carbon compounds, thei5? it 
must not only continually be dissolved into its elements, 
as notoriously happens, but also continually be produced 
anew from the elements and without the collaboration 
of previously existing protein — ^and that is the exact 
opposite of the result at which Liebig arrives. 

(c) Protein is the most unstable carbon compound 
known to us. It decomposes as soon as it loses th€^ 
capaaty of carrying out the functions peculiar to it, 
which we call life, and it is inherent in its nature that this 
incapacity should sooner or later make its appearance. 
And it -is just this compound which is supposed to be 
eternal and able to endure all the changes, pf tempera- 
ture, pressure, lack of nourishment, ary^ air, etc., in 
space, although even its upper temperature limit, is so 
low — ^less than 100° C. The conditions for the ^stence 
of protein are infinitely more complicated than those 
of any other known carbon compound, because not only 

‘ R ia noteworthy that Engeb questioned thfe eternity of tin. 
etements. It is now, of couise, a^nunonphtce that th^ ot£ be ti»ns> ’ 
formed, and it is at lesst oonoebw>Ie that all carb<m has been 
flfom hydrogen and neutrons. , 
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physical and chemical functions, but in addition 
nutritive and respiratory functions, enter, requiring a 
mediufn whicW is narrowly delimited, physically and 
chemically— and is it this medium that one must 
suppose has maintained itself from eternity under all 
possible changes ? Liebig “ prefers, ceteris paribus^ the 
simpler of two hypotheses,” but a thing may appear 
very simple aqd yet be very complicated. The assump- 
tion of innumerable continuous series of living protein 
bodies, tracing their descent from one another through 
all eternity, and which under all circumstances always 
leave sufficient over for the stock to remain well assorted, 
is the most .complicated assumption possible. More- 
over, the atmospheres of the heavenly bodies, and 
especially nebular atmospheres, w'cre originally glowing 
hot^and therefore no place for protein bodies — hence 
in the last resort space must serve as the great reserv'oir, 
a reservoir in which there is neither air nor nourishment, 
and with a temperature at w’hich certainly no protein 
can function or maintain itself ! 

Ad, 2.— The vibrios, micrococci, etc., of which we 
are speaking, arc beings already considerably differen- 
tiated — ^protein granules ^ that have excreted an outer 
membrane, hut no nucleus. The series of protein bodies 
capable of development, however, forms a nucleus first 
of all and becomes a cell — ^the cell membrane is then 
a further advance {Amoeba spheerococcus). Hence the 
organisms with w’-hich we have been dealing here belong 
to a series which, by all previous analogy, proceeds 
barrenly into a blind alley, and they cannot be numbered 
•among the ancestors of the higher organisms. 

What Helmholtz says of the sterility of attempts to 
produce li?e artificially is pure childishness. Life is 

\ These arjgfanisms include other substances (e.g, fats and waxes) 
l)esidcs proteins. The argument is h6#cvcr quite <*orrect if applied to 
the smaller viruses. 
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the mo3e of existence of protein bodies, the essential 
elc Tpent of which consists in continueU, metabolic inier- 
tfumge with the natural eavironment outiide iherh, and 
which ceases with the cessation "of this metabolism, 
bringing about the decomposition of the protein. i If 
success is ever attained in preparing protein bodies 
chemically, they will exhibit the phenomena of life and 
carry out metabolism, however weak ai^ short-lived 
they may be.^ But it is certain that such bodies could 
at most have the form of the very chtdest monera, and 
probably much lower forms, but by no means the form 
of organisms that have become differentiated by an 
evolution lasting thousands of years, and in which the 
cell membrane has become separated from the contents 
and a definite inherited form assumed. So long, 
however, as we know no more of the chemical compo- 
sition of protein than we do at present, and therefore 
for probably another hundred years to come cannot 
think of its artificial preparation, it is ridiculous to 
complain that all our efforts, etc,, have failed ! 

Against the above assertion that metabolism is the 
-characteristic activity of protein bodies may be put the 
objection of the growth of Traube’s “artificial cells.” 
But here there is merely unaltered absorption of a* 
liquid by endosmosis, while metabolism consists in the 
absorption of substances, the chemical composition of 
which is altered, which are assimilated by the organism, 
and the residua of which are excreted together witlf 

^ Such metabolism can also occur in the case of irfprganic bodies and 
in the long run it occurs eveiywherev since chemical reactions take place« 
even if extremely slowly, everywhere. The difference, however, is that 
inoiganic liodies aro destroyed by this metabolism, while in organic 
bodies it is the necessary conditipn for their existence. ^[Noie byP, 
Engels^} 

* We now doubt whether all proteins would do so. A number have 
been isolated, though none have yet been made from their elements. 
Some, however, carry out some of the processes of life. Hemoglobin 
absorbs and takes up oxygen, ^psin digests other proteins, virus 
nuekoprotein even reproduces Uself in a favourable environmehL 
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the decomposition products of the organism itself 
resulting the life procjpss.i The significance of 

Traube’s “ cells ” lies in the fact that they show endos- 
mosis and growth as two things occurring also in in- 
organic nature and which can be exhibited without any 
carbon. 

The newly arisen protein granule must have had the 
capacity of •nourishing itself from oxygen, carbon 
dioxide, ammonia, and some of the salts dissolved in the 
surrounding water. Organic nutritive substances were 
not present, 2 for the granules surely could not devour 
one another. This proves how high above them are the 
present-day monera, even without nuclei, living on 
diatoms, etc., and therefore presupposing a number of 
differentiated organisms. 

Reaction, — ^Mechanical, physical (alms heat, etc.) 
reaction is exhausted with each occurrence of reaction. 
Chemical reaction alters the composition of the reacting 
body and is only renewed if a further quantity of the 
latter is added. Only the organic body reacts inde- 
pendently, of course within its sphere of power (sleep), 
and assuming the supply of nourishment — ^but this supply 
of nourishment is effective only after it has been assimi- 
lated, not immediately, as at lower stages, so that here 
the organic body has an independent power of reaction, 
the new reaction must be brought about by it. 

^ — Just as^we have to speak of invertebrate vertebrates, so 

also here the unorganised, formless, undifferentiated granule of 
protein is termed an oiganism— this is permissible because 
• just as the Vertebral column is implicit in the notochord so in the protein 
granule on its first originrthe whole infinite senes of higher organisms 
lies included*^* in itself ” as if in an embryo, [Note by F, EngeU,} * 

^ It now seems likely that simple organic substances were present 
in the primordial ocean, synthesised by the ultra-violet rays of the sun- 
light, which in the absence of oxygen and ozone were less absorbed in 
the upper atmosphere. These would ^ot have decayed in the absence 
of bacteria, and could therefore have served as food for the first living 
(or semi-living) things. ^ - 
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Identity and Difference . — ^The dialectical relation is 
already seen in the differential calculi|5, where da is 
infinitely small, but yet is effective and performs every- 
thing. 

Mathematics . — ^Nothing appears more solidly based 
than the difference of the four species, the elements of all 
mathematics. Yet right at Wie outset multiplication is 
seen to be an abbreviated addition, and division an 
abbreviated subtraction, of a definite number of equal 
numerical magnitudes; and in one case-r-when ‘ the 
divisor is a fraction— division is even carried out by 
multiplying by the inverted fraction. In algebraic 
calculation the thing is carried, much further. Every 
subtraction (a—fe) can be represented as an addition 

(—b+a\ every division | as a multiplication 

In calculations with powers of magnitudes one goes 
much further still. All rigid differences between the 
kinds of calculation disappear, everything allows of 
bdng presented in the opposite form. A power can 
be put as a root a root as a power 

Unity divided by a power or root can be put as a power 

of the denominator i j . Multiplication 

or division of the powers of a magnitude becomes 
converted into addition or subtraction of their exponents. 
Any number can be conceived and expressed as thfe 
power of any other number (logarithms, y^a% And 
this transforniation of onq form into the opposite one 
is no idle trifling, it is one of the most powerfuMevers of 
mathematical science, without which to-<biy hardly 
any of the more di£^tilt calculations are carried out. 
If negative and fractional powers alone were abolished 
from mathematics, how far could one get ? 

+ 5 -S' = +t V —1, etc,, to be expounded earlier.) 
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The turning point in mathematics ' was Descartes’ 
variable nutpiUtide. With that came motion and hence 
dialeciHcs in n|athematics, and at mee also of neoessity 
tile . differential and integral calculus, which moreov^* 
immediately begins, and which on the whole was perfected 
by Newton and Leibniz, not discovered by them. 


Asymptotes . — Geometry begins with the discovery that 
strmght and burved are absolute opposites, that straight 
is absolutely inexpressible in curved, and curved in 
straight, that the two are incommensurable. Yet even 
the calculation of the circle * is only possible by ex- 
pressing its periphery in straight lines. For curves 
with asymptotes, however, straight becomes totally 
merged in curved, and curved in straight ; just as much 
as the notion of parallelism : the lines are not parallel, < 
thSy continually approach one another and yet never 
meet; the. arm of the curve becomes more and more 
straight, without ever becoming entirely so, just as in 
analytical geometry the straight line is regarded as a 
curve of the first order with an infinitely small curvature. 
The x of the logarithmic curve ^ may become ever so 
large, can never =0. 


Zero Powers , — ^Of importance in the logarithmic series : 


0 12 a log 

100 101 102 103 


All variables pass somewhere 


through unity ; hence also constants raised to a variable 
^ower a®=l, if x^o, a®=l means nothing more than 
the cpnception^of unity in its connection with the other 
members of the series of poyrers of a, only there has it 


any meaning and can lead to results 3 



^ l,e, the expression of its circumference in terms of its radius, 

- /.e. the rectangular hyperbola 
* The egression in the bracket is meaningless as it stands. How- 
ever Engeis' writing is by no meam^asy to decipher and we cannot 
be sure what Engels actually wrote. 
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otherwise not at all. From this it follows that unity 
also, however much it may appear identical with itself, 
includes within it an inlimte manifoldne^, since it can 
be the zero power of any other possible number, and 
that this manifoldness is not merely imaginary is proved 
on each occasion that unity is conceived as a particular 
unity, as one of the variable results- of a process (as a ■ 
momentary magnitude or foBm of a variable) iii con- 
nection with this process. 

Straight and curved in the ditferential calculus ^ are in 
last resort put as equal : in the differential triangle, the 
hypotenuse of which forms the differential of the arc (in 
the tangent method), this hypotenuse can be regarded 
“ comme une petite ligne tout droite qui est tout a la 
fois r^lement de I’arc et celui de la tangente ” — ^if now 
the curve is regarded as composed of an infinite number 
of straight lines, or also, however, “ lorsqu’on la considfere 
comme rigoureuse ; puisque le detour d, chaque point 
M *6tant infiniment petit, la raison demi^re de I’^l^ment 
de la courbe k celui de la tangente esf evidemment une 
raison ^igediti." Here, therefore, although the ratio 
continually approaches equality, but asymptotically in 
accordance with the nature of the curve, yet, since th€ 
contact is limited to a single point which has no length, 
it is finally assumed that equality of straight and curved 
has been reached. Bossut, Calcul. diff^ et inidgr. 
iDifferential and Integral Catculusl, Paris, An. VI, I,, 
p. 149. "In polar curves the difierential imaginary 
abscissse 2 are even taken as parallel to the real abScissse 
and operations based on this, although both^meet at 
the pole ; indeed, from it is deduced the equality of two 
triangles, one of whidh has an angle precisely at the 

' This was, of course, written before “ rigorous proofs based on 
the theory of limits were introduced into most books on t^ic Siculus. 
E^igels is quite correct concerning the cateulus as taught in his day. 

‘ In modem terminology radii vectores. 
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point of intersection of the two lines, the parallelism of 
which is the wh%le basis of the «quality ! Fig. 17. 

When the mathematics of straight and curved lines 
has thus pretty well reached exhaustion a new almost 
infinite field is opened up by the mathematics that 
^conceives curved as straight (the differential triangle) 
and straight as curved (curve of the first order with in- 
finitely small curvature) . O metaphysics . ! 

• Ether — ^If the ether offers resistance at all, it must 
also offer resistance to lights and so at a certain distance 
be impenetrable to light. That however ether propagates 
light, being its medium, necessarily involves that it should 
also offer resistance to light, otherwise light could hot 
set it in vibration. This the solution of the contro- 
versial questions raised by MMler 2 and mentioned by 
’ Lavrov.2 

Vertebrates. — ^Their essential character : the grouping 
of the whole body about the nervous system. Thereby 
the development to self-consciousness, etc., becomes 
possible. In all other animals the nervous system is a 
secondary affair, here it is the basis of the whole organi- 
sation ; the nervous systeiti, when developed to a certain 
extent — ^by posterior elongation of the head ganglion 
of the worms — stakes possession of the whole body and 
organises it according to its needs. 

Radiation of Heat into Interstellar Space . — ^All the 
hypotheses cited by Lavrov of the renewal extinct 
heavenly Bodies (p. 109) ^ involve loss of motion. The 
heat once radiated, i.e. the infinitely greater part of the 

^ Few physicists now believe in the ether as they did fifty yeara ago. 
The notion had to be abandoned when it was shown that motion of 
bodies relati>?fe,to it could not be dete^ed. Engels’ note, therefore, 
has validity only as a comment on the physical ideas of his time. 

® See Appendix 11, p. 852. 

* See Appendix 11, p. 858. 
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original motion, is and remains lost. Helmholtz says, 
up to now, 458 / 454 . Hence one fin^y arrives after 
all at the exhaustion and cessation of motion. The 
question is only finally solved when it has been shown 
how the heat radiated into space becomes utiUsdble 
again. The theory of the transformation of motion put?! 
this question categorically , and it cannot be evaded by 
extending the period of operation or by" evasion. That, 
however, with the posing of the question the conditions 
for its solution are simultaneously given — c'est outre 
chose. The transformation of motion and its inde- 
structibility were first discovered hardly thirty years ago, 
and it is only quite recently that they have been further 
analysed and followed up in regard to their conse- 
quences. The question as to what becomes of the 
apparently lost heat has, as it were, only been nedement 
posie since 1867 (Clausius). No wonder that it has not 
yet been solved ; it may still be a long time before we 
arrive at a solution with our small means. But it will 
be solved, just as surely as it is certain that there are no 
miracles in nature and that the original heat of the nebular 
ball is not communicated to it miraculously from outside 
the universe. The general assertion that the amount of 
motion is infinite, and hence inexhaustible, is of equally 
little assistance in overcoming the difficulties of each 
individual case ; it too does not suffice for the revival 
of extinct universes, except in the cases provided^ for 
in the "above hypothesis, which are always bound up 
with loss of force and are therefore only temporary 
cases. The cycle * has not been tmeed and^will not be 
until the re-irtilisation of the radiated heat shall have 
been discovered. 

Newton’s Parallelogram of Forces in the solar system 
is true at any rate /or die moment when the annular bodies 
^ See note to p. 24. 
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separate, because then the rotational motion comes into 
contradiction y^th itself, appearing on the one hand as 
attraction, and on the other hand as tangential force^ 
As vsoon as the separation is complete, however, the 
motion is again a unity. That. this separation must 
^occur is a proof for the dialectical process. 

Bathybius.^-^The stones in its flesh are proof that the 
original form of protein, still lacking any differentiation 
, of form, already bears within it in germ the capacity for 
skeletal formation. 

Under stcmdvng and Reason. — This Hegelian distinc- 
tion, according to which only dialectical thinking is 
reasonable, has a definite meaning. All activity of the 
understanding we have in conimon with animals : 
induction, deduction, and hence also abstraction (Dido’s 
generic concepts : quadrupeds and bipeds), analysis of 
unknown c)bjects (even the cracking of a nut is a be- 
ginning of analysis), synthesis ^{in animal tricks), and, as 
the union of both, experiment (in the case of new obstacles 
and unfamiliar situations). In their nature all these 
modes of procedure — Whence all means of scientific 
investigation that ordinary logic recognises — ^are abso- 
lutely the same in men and the higher animals. They 
differ only in degree (of development of the method in 
each case). The basic features of the niethod are the 
same and lead to the same results in man and. animals, 
so long as both 4^perate or make shift merely with these 
elementary methods. 

On tlfb other hand, dialectical thought — ^precisely 
because iUpre-supposes investigation of the nature of 
concepts — is only possible for man, and for him only 
ata edmijaratively high stage of development (Buddhists 
and (rreeks), and it attains itii full development much 

1 S«e Appendix II, p. 358. Engels had u dog called Dido. 
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later still through modem philosophy — and yet we have 
the colossal results already among the G^eks (!) which 
go far in anticipating investigation. 

Chemistry, in which analysis is the predominant fomi 
of investigation, is nothing without its complementary 
pole : synthesis. , 

f 

To the Pan-lnductionists. — With all the induction in 
the world wc would never have got to the point of 
becoming clear about the process of induction. Only 
the analysis of this process could accomplish this, 
induction and deduction belong together as necessarily 
as synthesis and analysis. Instead of one-sidedly 
••raising one to the heavens at the* cost of the other, 
one should seek to apply each of them in its place, a%d 
that can only be done by bearing in mind that they 
belong together, that each completes the other. 
.\ccording to the inductionists, induction would be an 
infallible method. It is so little so that its apparently 
surest results are everyday overthrown by new dis- 
coveries. Light corpuscles, caloric, were results of 
induction. W^herc are they now ? Induction taught us 
that all vertebrates have a central nervous system 
differentiated into brain and spinal cord, and that the 
spinal cord is enclosed in cartilaginous or bony vertebrae 
— ^whence indeed the name is derived. Then Amphioxus 
was revealed as a vertebrate with an undifferentiated 
central nervous' strand and mthout vertebrae. In- 
duction established that fishes are those vertebrates 
which throughout life breathe exclusively by means 
of gills. Then animals come to light whose fish 
character is almost universally recognised, but which, 
besides gills, have also well-developed lungs, and it 
turns out that every fish c&rries a' potential lung in the 
swim bladder. Only by audacious application of the 
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theory of evolution did Hseckel rescue the inductionists, 
who were fe|ling quite coi^fortablc in these contra- 
dictions. If induction were really so infallible, whence 
come the rapid successive revolutions in classification 
of the organic world ? They are the most characteristic 
product of induction, and yet they annihilate one 
another. , 

The Kinetic theory has to show * how molecules that 
strive upwards can at the same time exert a downwards 
pressure and — assuming the atmosphere as more or less 
permanent in relation to interstellar space — how in 
spite of gravity they can move to a distance from the 
centre of the earth, but nevertheless, at a certain distance, 
although the force of gravity has decreased according^ 
to^the square of the distance, are yet compelled by this 
force to come to a stop or to return. 

Clausius — if correct — proves that the universe has 
been created, ergo that matter is creatable, ergo that it 
is destructible, ergo that also force, or motion, is creatable^ 
and destructible, ergo that the whole theory of the 

conservation of force ” is nonsense, ergo that all its 
consequences are also nonsense. 

The notion of an actual chemically uniform matter — 
ancient as it is — fully corresponds to the childish view, 
widely held even up to Lavoisier, that the chemical 
affinity of two-»bodies depends on each one containing a 
common third body (Kopp, ^ntwicklung, p. 105).2 

Hard and fast lines are incompatible with the theory of 
evolution. Even the border line between vertebrates 
and invertebrates is now no longer rigid, just as little 

* 9 

^ This has now been accomplished. 

2 See Appendix 11^ p. 354. 
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is that between fishes and amphibians, while that 
between birds and reptales dwindles ^ore and more 
every day. Between CompsognaOms and Archceop- 
teryx ^ only a few intermediate links are wanting, and 
birds’ beaks with teeth crop up in both hemispheres. 
“ Either this — or that ! ” becomes more and more, 
inadequate. Among lower animals the concept of the 
individual cannot be established at air sharply. Not 
only as to whether a particular animal is an individual 
or a colbny, but also where in development one 
individual ceases and the other begins (nurses).® 

For a stage in the outlook on nature where all differ- 
ences become merged in intermediate stages, and all 
opposites are bridged by intermediate links, the old 
metaphysical method of thought no longer suffices. 
Dialectics, which likewise knows no hard and fast 
lines, no unconditional, universally valid “ either — or ! ” 
which bridges the fixed metaphysical differences, and 
besides “ either — or ! ” recognises also in the right place 
“ both this — and that! ” and reconciles the opposites, 
is the sole method of thought appropriate in the highest 
degree to this stage: For everyday use, for the small 
change of science, the metaphysical cate^ries reti^ 
their validity. 

Dialectics, so-called objective dialectics, prevails 
throughout nature, and so-called subjective dialectics, 
dialecticlil thought, is only the reflex of the movement 
in opposites which asserts itself everywhere in nature, 
and which by the continual conflict of the opposites 

• 4 

> Compsognathns, a bird-like reptilian fossil ; ArcfusopteryXf a 
fossil bird with teethr a long bony taih and claws on its ^ings. 

2 cells or organs whose fiinetion is to nourish another cell oi 
organ. Some parts of the placenta (after-birth) are of maternal and 
some of fo’^tal origin. Is the endosperm of a maize grain^which serves 
as food for the embryo to 1^ regarded as a separate individual? 
Probably, since it can inherit characters differing from those of the 
embryo. . 
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and their final merging into one another, or into higher 
forms, determines the life of nature. Attraction and 
Repulsion. Polarity begins -Jlrith magnetism, it is 
exhibited in one and the same body ; in the case of 
electricity it distributes itself over two or more bodies 
which become oppositely charged. All chemical pro- 
cesses reduce themselves to processes of chemical 
attraction and ^repulsion, li'inally, in organic life the , 
formation of the cell nucleus is likewise to be regarded 
as a polarisation of the living protein material, and 
from the simple cell onwards, the theory of evolution 
demonstrates how each advance up to the most compli- 
cated plant on the one side, and up to man on the other, 
is effected by the continual conflict between heredity 
and adaptation. In this connection it becomes evident 
how Jittle applicable to such forms of evolution are 
categories like “ positive ” and “ negative.” One can 
conceive of heredity as the positive, conservative side, 
adaptation as the negative side that continually destroys 
what has been inherited, but one can just as well take 
adaptation as the creative, active, positive activity, 
and heredity as the resisting, passive, negative activity. 
But just as in history process makes its appearance 
as the negation of what exists, so here also — on purely 
practical grounds — ^adaptation is better conedved as 
negative activity. In history, motion in opposites is 
most markedly exhibited in all critical epochs of the 
fosemost peoples. At such moments a people has only 
the choice between the two horns of a dilemma : “ either 
— or ! ” and indeed the question is always put in a way 
quite different from that in which the philistincs, who 
dabble in politics in every age, would have liked it put. 
Even the liberal Gerrrian philistine of 1848 found himself 
in 1849 suddenly, unexpectedly, and against his will 
. confronted by the question : a peturn to the old reaction 
in an intensified form, or Continuance of the revolution 
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up to the republic, perhaps even the one and indivisible 
republic with a socialist background. He did not 
spend long in reflection and helped ^’to cre^e the 
Manteuffel reaction as the flower of German liberalism. 
Similarly, in 1851, the French bourgeois when faced 
with the dilemma which he certainly did not expect : a 
caricature of empire, pretorian rule, and the exploitation 
of France by a gang of scoundrels, or a social-democratic 
republic — and he bowed down before the gang * of 
scoundrels so as to be able, under their protection, to go 
on exploiting the workers. 

The Struggle for Life . — Until Darwin, what was stressed 
by his present adherents was precisely the harmonious co- 
operative working of organic nature, how the plant 
kingdom supplies animals with nourishment and oxygen, 
and animals supply plants with manure, ammonia, and 
carbonic acid. Hardly was Darwin recognised before 
these same people saw everywhere nothing but struggle. 
Both views are justified within narrow limits, but both 
are equally one-sided and prejudiced. The interaction 
of dead natural bodies includes both harmony and 
collisions, that of living bodies conscious and un- 
conscious co-operation equally with conscious ana 
unconscious struggle. Hence, even in regard to nature, 
it is not permissible one-sidedly to inscribe only 
“ struggle ” on one’s banners. But it is absolutely childish 
to desire to sum up the whole manifold wealth of historical 
evolution 'and complexity in the meagre and one-sided 
phrase “ struggle for life.” That says leiSs than nothing. 

The whole Darwinian theory of the struggle fpr life is 
simply the transference from society to organic nature 
of Hobbes’ theory of helium omnium contra omnes, and 
of the bourgeois economic theory of competition, as 
well as the Malthusian theory of population-. When 
(mce this feat has been accomplished (the unconditional 
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justification for which, especially as regards the 
Malthusian theory, is still very questionable), it is very 
easy to transf^ these theories back again from natural 
history to the history of society, and altogether too 
naive to maintain that thereby these assertions have 
been proved as eternal natural laws of society. 

Let us accept for a moment the phrase “ struggle for 
life ” for argument’s sake. The most that the animal 
can achieve is to collect-, man produces, he prepares the 
means of life in the widest sense of the words, which, 
without him, nature would not have produced. This 
makes impossible any immediate transference of the 
laws of life in animal societies to human ones. Pro- 
duction soon brings it about that the so-called struggle 
for existence no longer turns on pure means of existence, 
buj on means for enjoyment and development. Here — 
where the means of development are socially produced — 
the categories taken from the animal kingdom are already 
totally inapplicable.! Finally, under the capitalist 
mode of production, production reaches such a height 
that .society can no longer consiune the means of life, 
enjo3Tnerit, and development that have been produced,, 
because for the great mass of producers access .to these 
means is -artificially and forcibly barred; and there- 
fore every ten years a crisis restores the equilibrium 
by destroying not only the means of life, enjoyment, and 
development that have been produced, but also a great 
f>art of the productive forces themselves. Hence the 
so-called struggle for existence assumes the* form: to 
protect the products and productive forces produced by 
bourgeois capitalist society against the destructive, 
ravaging effect of this capitalist social order, by taking 
control of social production and distribution out of 

^ In particular the struggle ceases to be a Darwinian struggle for life, 
liven allogrihg for their lower infant mortality, the bourgeoisie breed 
more slowly than the ■workers, and i|^they win the struggle for wealth, 
lose the struggle for life. 
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the hands of the ruling capitalist class, which has become 
incapable of this functiCn, and transferring it to the 
producing masses — and that is the socialist revolution. 

Even by itself the conception of history as a series of. 
class struggles is much richer in content and deeper than 
merely reducing it to weakly distinguished phases of the 
struggle for existence. 

f 

Light and darkness are certainly the most, conspicuous 
and definite opposites in nature ; they have always 
served as a rhetorical phrase, from the time, of the fourth 
Gospel to the lumiires of religion and philosophy in’thc 
eighteenth century. Fick, p. 9 : “ the law long ago 
rigidly demonstrates in physics . . . that the form of 
motion called radiant heat is identical in all essential 
'respects with the form of motion that we call ligh^’* 
Clerk Maxwell,- p. 14 ^ : “ These rays (of radiant heat) 

. have all the physical properties of rays of light and are 
capable of reflection, etc. . . . some of the heat-rays 
are identical with the rays of light, while other kinds 
of heat-rays make no impression upon our eyes.” 

. Hence there exist dark light-rays,® and the famous 
opposition between light and darkness disappears from 
natural science in its absolute form. Incidentally, the 
deepest darkness and the. brightest, most glaring, , light 
have the same effect of dazzling our .eyes, and so for us 
also they are identical. 

The fact is, the sim’s rays have different effects < 
according to the length of the vibration, those with the 
greatest wave-length communicate heat* those with 
medium wave-length, light, and those with the shortest 
wave-length,® chemical action (Secchi, p^ 682 ei seq.), 

^ See Appendix II, p. 354. 

* Now generally oallcd infra-red rays, as they have slower frequencies 

than- red light. " r 

* i.c. ultra-violet nidialioii. X-Mf'iys, of i-oursc, have a still sliorter 
wa\’e-lcngth. 
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the maxima of the three actions being closely approxi- 
matedj the im^r minima of the outer group of rays, as 
regards their action coinciding within the light ray 
group. ‘ What is light and what is non-light depends 
on the structure of the eye. Night animals may. be 
, able to see even a part, not of the heat rays, but of the 
chemical rays, since their eyes are adapted for shorter 
wave-lengths »than ours. * The difficulty disappears if 
one assumes, instead of three kinds, only a single kind 
of ray (and scientifically we know only one and everything 
else is a prenaature conclusion), which has different, but 
within narrow limits compatible, effects according to the 
wave-length.2 

Work . — The mechanical theory of heat has transferred 
this category from economics into physics (for physio-' 
logically it is still a long way from having been scientifi- 
cally determined), but in so doing it becomes defined in 
quite a different way, as seen even from the fact that 
only a very slight, subordinate part of economic work 
(lifting of loads, etc.) can be expressed in kilogram- 
metres. Nevertheless,, there is an inclination to re« 
transfer the thermodynamical definition of work to the 
sciences from which the gategory was derived, with 
a diffCTent determination. For instance, without further 
ado, to identify it wholesale with physiological work, 
as in Fick and Wislicenus’ Faulhorn experiment,® in 
'which the lifting of a human body, say 60 kgs., to a 
height of say ?,000 metres, i.e. 120,000 kilogram-metres, 
is supposed to express tfie physiological work done. 
In the* physiological work done, however, it makes an 

1 IjC. viJfble rays have slight lieating and chemical effects. 

s This is, of course, correct. There is a continuous series of rays from 
radio to y-rays, in which a quantitative change in the wave*length 
shows itself in great qualitative differences. But this has only been 
discovered since Engels^ death. 

* These two physiologists obser^Sid their metabolism (by 
urine, etc.) when climbing this mpunitain. 
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enoriDous difference kow this lifting is effected : whether 
by positive lifting of the load by nwuntingr vertical 
ladders, or whether along a road or stair with 45® slope 
(militarily impracticable ground), or along a road with 
a slope of 1/18, hence a length of about 86 kms. (but this 
is questionable, if the sanie rime is allowed in all cases)^ 
At any rate, however, in all practicable cases a forward 
motion also is combined \rith the lifting, and indeed 
where the road is quite level, this is fairly considerable 
and as physiological work it cannot be put equal to zero.. 
In some places there even appears to be hot a little 
desire to re-import the thermodynamical category of 
work back into economics ^ (as with the. Darwinists and 
the struggle for existence), the result of which would be 
.nothing but nonsense^ Let someone try converting 
* any skilled labour into kilogram-metres and ‘then 
determining wages by means of it 1 Physiologically 
considered, the human body contains organs which 
in their totality, from one aspect, cEn be regarded as a 
thermodynamical machine, where heat is supplied and 
converted into motion.^ But even if one pre-supposes 
, constant conditions as regards the other bodily organs, 
it is questionable whether physiological work doner 
even* lifting, can be at once fully exqiressed in kUoipmn- 
metn^, since within the body internal work is performed 
at the same timb which does not appear in the result.^ 
For the body is not a steam engine, which only undergoes 
friction and depreciation. Physiological work is only 
possible mth continued chemical changes in the body 
itself, depending also on the process of respiration nnd 
the work of the heart. Along with every fnuscular * 

^ Compare Professor Soddy's writings in our own time^ 

> This was commonly believed in Engels’ time, but is now known to 
be untrue* Chemical energy is not converted into heat 4)efore being 
transformed into the energy of muscular motion* 

* Thus an isolated muscle may have an efficiency of ndhrly 50 per 
cent., t*«*.convert nearly half available chemical eneigy into work, 
but the efficiency of the body as a whole tarely rises to 25 per cent. 
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contraction or relaxation, chemical changes occur in 
the ner>Vs and {(nuscles, and these changes cannot be 
treated as parallel to those of coal in a steam engine. 
One can very well compare two instances of physiological 
work that have taken place under otherwise identical 
conditions, but one cannot measure the physical Work 
of a man after the manner, of that of a steam engine, 
etc. ; their external results, yes, but not the processes 
themselves without considerable reservations, (All this 
has to be greatly revised.) i 

Induction and Analysis . — striking example of how 
little induction can claim to be the sole or even the 
predominant form of 'scientific discovery occurs in 
thermodynamics : the steam engine provided the' most 
strikihg proof that one can impart heat and obtain 
'mechanical motion. 100,000 steam engines do not 
prove this more than one, but only more and more forced 
the physicists into the necessity of pro'sdding an explana- 
tion. Sadi Carnot ® was the first seriously to set about 
the task. But not by induction. He studied the steam 
engine, analysed it, and formd that in it the process 
vrhich matter^ does not appear in pure form but is 
concealed by all sorts of subsidiary processes. He did 
away with these subsidiary circumstances that have no 
bearing on the essential process, and constructed an 
id^l steam engine (or gas engine), which it is true is as 
little capable of being realised as, for instance,* a geo- 
metrical line or surface, but in its way pa-forms the same 
service as these mathematical abstractions : it presents 
the process in a pure, independent, and unadulterated 
form. And* he came right up against the mechanical 
«‘quivalent of heat (see the significance of his function G), 

» Kven aftm* sixty yeai's it needs very little revision on tlie scientific 
side, except that accurate figures could given proving the correctness 
of all but one of Engels’ statements. 

» French physicist of the early nineteenth century. 
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which he only failed to discover and see because he 
believed in cahric. Here^also proof of tl^ damage done 
by false theories. 

The successive developmeni of the separate branches of 
natural science should be studied. First of all, astronomy^ ^ 
which, if only on account of the seasons, was absolutely 
indispensable for pastoral and agricultural peoples. 
Astronomy can only develop with the aid of maihematics. 
Hence this also had to be tackled. Further, at a certain . 
stage of agriculture and in certain' regions (raising of 
water for irrigation in Egypt), and especially with the 
origin of towns, big building operations, and the develop- 
ment of handicrafts — mechanics. This was soon needed 
' also for navigation and war. Moreover, it requires the 
aid of mathematics and so promotes the latter’s develop- 
ment. Tlius, from the very beginning the origin and 
development of the sciences has been determined by 
production. 

Throughout antiquity, scientific investigation proper 
remained restricted to these' three branches, and indeed 
in the form of exact, systematic research it occurs for the 
first time in the post-classical period (the 41e^ndrines^ 
Archimedes, etc.). In physics and chemistry^ which 
were as yet hardly separated in men’s minds (theory • 
of the elements, absence of the idea of a chemical 
element), in botany, zoology, human and animal 
anatomy, "it had only been possible until then to collect 
facts and arrange them as systematicadly as possible. 
Physiology was sheer guesswork, as soon as one went 
beyond the most tangible things — e.g. digesfion and 
excretion — ^and it could not be otherwise avIicr even the 
circulation of the blood was not kiiowm. At the end 
of the period; chemistry makes its appearance in its 
primitive form of alchem}^. 

If, after the dark night of the Middle Ages was over, 
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the sciences suddenly arose anew with undreamt-of 
force? developing at a miraqplous rate, once again we 
owe this miracle to — ^production. In the first place, 
following the crusades, industry developed enormously 
and brought to light a quantity of new mechanical 
(weaving, clock-making, milling), chemical (dyeing, 
metallurgy, alcohol), and physical (lenses) facts, and 
this not only gave enormous material for observation, 
but also itself provided quite other means for experi- 
menting than previously existed, and allowed the 
construction of new instruments; it can be said that 
really systematic experimental science had now become 
possible for the first time. Secondly, the whole of 
West and Middle Europe, including Poland, now 
developed in a connected fashion, even though Italy^ 
whs still at the head in virtue of its old-inherited civili- 
sation. Thirdly, geographicar discoveries — ^made purely 
on behalf of gain and, therefore, in the last resort, of 
production — opened up an infinite and hitherto in- 
accessible amount of material of a meteorological, 
zoological, botanical, and physiological (human) bearing. 
Fourthly, there was the printing press. 

Now’ — ^apart from mathematics, astronomy, and 
inccl>anics which were already in existence — ^physics 
becomes definitely separate from chemistry (Torricelli, 
(lalileo — ^the former in connection, with industrial water- 
W'orks studied first of all the movement of fluids, see 
Clerk Maxwell). Boyle put ehemistrj’- on a , stable basis 
as a scicncej Harvey did the same for physiology 
(human and animal) by .the discovery of the blood 
circulftion. Zoology and botany remain at first col- 
lecting sciences, until palffiontology appeared on the 
scene — C'uvier — and shortly aftenvards came the dis- 
covery^ of the cell and the development of organic 
(‘hemistry. Therewith co^jfiparative morphology and 
physiology’ became possible and from then on both are^ 
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true sciences. Geology wa^i founded at the end of the 
last century, aftd recently»anthropology, ]§adly so-Wled, 
enabling the transition from morphology and physiology 
of man and human races to history. This to be studied 
further in detail and to be developed. 

Clausitis' second law,^ etp., however it may be 
formulated, shows enargy is lost, qualitatively ^ if not 
quantitatively. Entropy cannot be destroyed by natural 
means but it can certainly be created. The world clock 
has to be wound up, then it goes on running xmtil it 
arrives at a state of equilibrium from which only a 
miracle can set it going again. The energy expended 
in winding has disappeared, at least qualitatively, and 
► can only be restored by an impulse from outside. Hence, 
an impulse from outside was necessary at the beg in ni n g 
also, hence, the quantity of motion, or energy, existing 
in the universe was not always the same, hence, energy 
has been artificially created, i.e. it must be creatable, 
and therefore destructible. Ad absurdum ! 

Difference between the situation at the end of the 
ancient world, ca. 800 — and at th6 end of the Middle^ 
Ages — 1458 : 

1. Instead of a thin strip of civilisation along the coast 
of the Mediterranean, stretching its arms sporadically 
in the int^or and up to the Atlantic coast of Spain,^ 
France, and England, which could thus easily be broken 
through and rolled back the Germans and Slavs 
from the North, and by the Arabs from the South-East, 
there was now a closed area of civilisation— thcAvhole of 
West Europe with Scandinavia, Poland, and Hungary 
as advance posts. 

Appendix II, p. 8SS. 

^ * I*, other formi of energy are degraded to heal, and high-teinpcru- 

ture heat to low-temperature heat. ' 
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2. Instead of the contrast between the Greeks, or 
Romans, and the barbarians, there are now six civilised 
peoples* with civilised languages, not counting the 
Scandinavian, etc., all of whom had developed to such 
an exteAt that they could participate in the mighty rise, 
of literature in the fourteenth century, ensuring a far 
more diversified culture than that of the Greek and 
Latin languages, which werq already in decay and dying 
out at the end df ancient times, 

3. An infinitely higher development of industrial 
production and trade, created by the burghers of the 
Middle Ages ; on the one hand production more perfected, 
more varied and on a larger scale', and oh the other 
commerce much stronger, navigation being infinitely 
more enterprising since the time of the Saxons, Friesians, 
and Normans, and on the other hand also the amount of 
inventions and importation of oriental inventions, 
’which not only for the first time made possible the 
importation and diffusion of Greek literature, the mari- 
time discoveries, and the bourgeois religious revolution, 
but also gave them a quite .different and quicker range 
of action. In addition they produced a mass of scientific 
facts, although as yet unsystematised, such as antiquity 
nSver had (the magnetic needle, printing, type, flax 
paper, used by the Arabs and Spa.nish Jews since the 
twelfth century, cotton paper gradually making its 
appearance since the tenth century, and already more 
w;idespread in the thirteenth and fourteenth centuries, 
papyrus quite obsolete in Egypt since the Arabs) — 
gunpowder, lenSes, mechanical clocks, great progj*es.s 
^both of chronology and of mechanics. 

(See beiow concerning inventions.) 

In addition material provided by travels (Marco 
Eolo, ca. 1272, etc.). 

Generahedueation, even though still had, muclj more 
widespread owing to the universities. 
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With the rise of Constantinople and the fall of Rome, 
antiqirity comes to an end. The end of the Middle . 
Ages is indissolubly linked with the fall of Constanti- 
nople. The new age begins with the return to the 
Greeks. Negation of the negation ! 

Historical Material.---~Inventions. 

B.C. : 

Fire-hose, water-clock, ca. 200 B.C.® Street paving 
(Rome). 

. Parchment, ca. 160. 

A.D. 

Water-mill on the MoseUe, ca. 840, in Germany in the 
time of Charles the Great. 

First signs of glass windows, street lighting in Antioch, 
CO. 870. 

Silk-worms from China, ca. 550 in Greece. 

Pens in the sixth century. 

Cotton paper from China to the Arabs in the seventh 
century, in the ninth in Italy. 

Water organs in France in the eighth century. 

Silver mines in the Harz worked since the tenth 
century. 

Windmills about 1000. 

Notes, Guido of Arezzo’s musical scale, ca. 1000. 
Sericulture introduced in Italy, ca. 1100. 

Clocks with wheels — ditto. 

Needle magnet from the Arabs to the Europeans, m. 

1180. - 

■ Street paving in Paris 1184. 

Lenses in Florence. Gldss mirrors. lSec(^d half of. 
Striking clocks, cotton paper in France. > thirteenth 
Herring-salting. Sluices. J centurj'. 

: Rag-paper — beginning of fourteenth century. 

Bills of exchange — ^middle of ditto. • ~ 

First paper mill in GeiUpany (Nuremberg) 1890. 
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Street lighting in London. Beginning of fifteenth 
century*. » , 

Post in Venice — ditto. 

Wood-cuts and printing — ditto. 

Copper-engraving — ^middle ditto. 

« Horse post in France 1461.. 

Silver mines in the Saxon Erzgebirge, 1471. 

Harpsichord invented 1472. 

Pocket watches. Air-guns. Flintlock — end of 

.fifteenth century. 

Spinning wheel 1530. 

Diving Ijell 1538. 

DialMics o/A’a/Mjr.—^References. 

Nature No, 2.94 rt m/. Allman on Infusoria, Uni- 
celldlar character, important, Croll on Ice Period and 
• geological time. 

Nature No. 826, Tyndall on generatio. Specific decay 
and fermentation experiments. 

Madler, Fixed Stare. 

Halley, at the beginning of the eighteenth century, 
ftom the dincrcncc between the data of Hipparchus 
and Flamsteed on three stars, first gave the idea of 
proper motion,, p. 410. Flamsteed’s British Catalogue, 
the first approximately accurate and comprehensive one, 
p. 420, then c«. 1750, Bradley, Maskelync, and Lalande. 

Crazy theory of the range of light rays in the case of 
enormous bodies^&nd Madler’s caleulation based on this 
— as crazy as anything in Hegel’s Philosophy of Nature, 
*pp, 424- S. ' 

The strongest (apparent) proper piotion of a star — 
701* in a century =11' 41*=one'third of the sun’s 
diameter smallest average of *121 telescopic stars 
8*65*, some 4". Milky IVay aperies of rings, all with a 
common centre of gravity, p. 434. 
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The Pleiades Group, and in it Alcyone. — ij Tauri, the 
centre of motion for onr island univerife “ as fi£r as the 
most remote regions of the Milky Way,” p. 448, Period 
of revolution within the Pleiades group on the average 
ca. two million years, p. 449. About the Pleiades are 
annular groups alternately poor in stars and rich in 
stars. Secchi contests the possibility of fixing a centre 
as the present time. *■ 

According to Bessel, Sirius and Procyon describe an 
orbit about a dark body, as well as the general motion," 
p. 450. 

Eclipse of Algol every 8 days, duration 8 hours, 
confirmed by spectral analysis, Secchi, p. 786. 

In the region of the Milky Way, but deep within it, a 
dense ring of stars of magnitudes 7-11 ; a long way 
outside this ring are the concentric Milky Way rin§s, of 
which we see two. In the Milky Way, according to' 
Herschel, 18 million stars visible through his telescope, 
those lying within the ring being ca. 2 million or more, 
hence over 20 million in all. In addition there is always 
a non-resolvable glow in the Milky Way, even behind the 
resolved stars, hence perhaps stiU further rings concealed 
owing to perspective ? Pp. 451-2. 

Alcyone distant from the sun 578 light years. > 
Diameter of the Milky Way ring of separate visible stars, 
at least 8,000 light years, pp. 462, 468. ■ 

The mass of the heavenly bodies moving within tj[ie 
sun-Aleyone radius of .578 light years is calculated at 
118 million sun masses, p. 462, not at<all in agreement 
with the at most 2 million stars moving, therein. Dark 
bodies ? At any rate something wrong. A proof how' 
imperfect our observational bases still are. » 

For the outermost ring of the Milky Way, Madier 
assumes a distance of thousands, perhaps oj^ hundreds 
of thousands, of light yetf s, p. 464. 

. ^ MUler’a JIgure, incorreot. 
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A beautiftil argument against the so-called absorption 
of light ^ 

“At any rate, there does exist a distance (from 
which no further light can reach us), but the reason 
is quite a different one. The velocity of light is 
finite'; from the beginning of creation to our day a 
finite time has elapsed, and therefore we can only 
become aware of the heavenly bodies up to the distance 
which light *has traversed in this finite time 1 ” 
(p. 466). . • 

That light, decreasing in intensity according to the 
square of the distance, must reach, a point where it is no 
longer visible to our eyes, however much the latter may 
be strengthened and equipped, is quite obvious, and 
suffices 1 for refuting the view of .Olbers that only light 
absorption is capable of explaining the darkness of 
.space that nevertheless is ftlled in all directions with 
shining stars to an infinite distance. This is not in- 
tended to mean that there does not exi.st a distance at 
which the ether allows no further light to penetrate. 

Nebulte. — ^Of all forms, strictly circular, elliptical, 
irregular and jagged. All . degrees of resolvability, 
merging into total non-resolvability, where only a 
thickening towards the centre can be distinguished. 
In some of -the resolvable nebulae, up to ten thousand 
stars are perceptible, the middle mostly denser, very ’ 
rafely a central star of greater brilliance. , Rosse’.s 
giant telescope has, however, resolved many of them. 
Hersehel I ® counts 197 star aggregations and 2,300 
■hebulse, to which must be added those catalogued by 

1 Engels’ a^uinent is incorrect liere. If space were evenly lilled 
with stars, which had been shining for ever as brightly as those in our 
neighbourhood^ and there were no absorption, we should be roasted by 
starlight! n . 

® These refer to the tw6 HerschelSi^father and son, both flrst-rate 
astronomers. . ^ 
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Herschel II in the southern heavens. The irregular ones 
must he distant island universes,^ since masses of vapour 
can only exist in equilibrium in globu&.r or ellipsiodal 
form. Most of them, moreover, are only just visible 
even through the strongest telescopes. At any rate the 
circular ones can be vapour masses; there are 78 of 
them among the above 8,500. Herschel assume# 
2 millionj Madler — on the assumption of a true di€«neter 
equal to 8,000 light years — 80 million liglit years distant 
from us. Since ‘ the distance of any astronomical 
system of bodies from the next one amounts to at least* 
a hundredfold the dianaeter of the system, the distance 
of our universe from the next one would be at least 
30 times 8,000 light years =400,000 light years, in which 
case with’ the several thousands <)f ncbulsc wc get far 
beyond Herschel I’s 2 million, p. 492. ^ 

Secchi : The resolvable * nebula; give a continuous 
and an ordinary stellar spectrum. The nebulae proper, 
however, “ in part give a continuous spectrum like the 
nebulae in ^dromeda, but usually they give a spectrum 
i consisting of one or only verj' few bright lines, like the 
. nebulae in Orion, in Sagittarius, in Lyra, and ..the 
majority of those that arc known by the. name ^ 
planetary (circular) nebulae,” p. 787. (The nebula m 
Andromeda aiccording to Madler, p. 495, is unrcsolvablc 
— the nebula in Orion is irregularly flocculent and, as it 
.were, puts out arms, p. 495. Those of Lyra and the 
Cross are only slightly elliptical, p. 498.) Huggins 
found in the spectrum of Hcrschcl’s nebulae No. 4374, 
three bright lin^, “ from this it follows immediately 
that this nebula does nol consist of an aggregate of, 

separate stairs, but is a true nebula, a glowing substance 

• 

l.e. sy.stcnis of star.s like our Milky Wuy. Mmlcm figures, of 
course, differ appreciably from those given, Ijiit are of the same general 
order, * - , 

* /.e. bodies^ which appear ii^cbuhe with a small telescope, but as 
dusters of stars with a large one! 
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in the gaseous state.” The lines belong to nitrogen (I) 
and hydrogen (I), the third is npknown. Similarly for 
the nebula in Orion. Bven nebulae that contain 
gleaming points (Hydra, Sagittarius), have these bright 
lines, so that star masses in course of aggregation are 
s|iU not solid or liquid, p. 789. The nebula in Lyra 
has only a nitrogen line, p. 789. The densest place of 
the nebula in Orion is 1°, its whole extension 4°. 

Secchi : Sirius : 

“ Eleven years later (according to Bessel’s calcula- 
tion, Madler, p. 450) . . . not only was the satellite of 
Sirius discovered in the form of a self-luminous star 
. of the sixth miagnitude, but it was also shown that 
its orbit coincides with that calculated by Bessel. * 
Since then the orbit also for Procyon and its com- 
panion has been determined by Auvrers, although the 
• satellite itself has not yet been seen ” (p. 798). 

Secchi : Fixed Stars : “ Since the fixed stars, with the 
exception of two or three, have no perceptible parallax, 
they are at least ” some 80 light years distant from us, 
p. 799. According to Secchi, the stars of the 16th 
magnitude (still distinguishable in Herschel’s big 
telescope) are 7,560 light years distant, those distin- 
guishable in Rosse’s telescope are at least 20,900 light 
years distant, p. 802. 

Secchi, p. 810, himself asks : If the sun and the whole 
system becomes frozen ; “ are there forces in .nature 
which can put the dead system back into the original 
state of glowing nebula and re^-awaken it to new life ? 
We do nofrknow.” 
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The transformation of quantity, into quality = 
“mechanical” world outlook, quantitative change 
alters quality. The gentlemen never suspected that I • 

Identity and difference — ^necessity and chance — 
cause and effect — ^the two main opposit&s which, treated 
separately, become transformed into one another. 

And then “ first principles ” must help. 

Just as Fourier ^ is a mathematical poem and yet still 
used, so Hegel a dialectical poem. 

' Hegel’s conception of force and its expression, cause 
and effect as identical, is proved by the change of fcwm of 
matter, where the equivalence is shewn mathematically.. 
This had already been recognised in measurement. 
Force is measured by its expression, cause by effect. 

The evolution of a concept, for instance, or of a 
conceptual relation (positive and negative, cause and 
effect, substance and accident) in the history of thought, 
is related to its development in the mind of the indiyidml 
dialectician, just as the evolution of an organism in 
palseontology is related to its development in embry- 
ology (or rather in history and in the single embryo). 
That this is sO was first discovered by Hegel for concepts. 
In historical development, chance plays its part, which 
in dialectical thmbdng, as in the development of the 
embryo, is comprised in neces^y. 

Abstract and concrete. The general law of the change 
of form of motion is much more concrete thah any single 
“ conarete ” example of it. 

' Fourier's mathematical theory of heat, in which he Ibundcd modern 
harmonic analysis. Many ofshis theorems, as stated, were, false. 
But they were not only beautiful, but of great practical value. They 
have now been stated in their cDrrect form, or at least more nearly so. 
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The' sigmficance of names. In organic chemistry the 
significance o1^ a body, hence also its name, is no longer 
determined merely by its composition, but rather by its 
position in the series to which it belongs. If we find, 
therefore, that a body belongs to such a series, its old 
name becomes an obstacle to understanding it and 
must be replaced by a series name * (parafiins, etc.). 

* * 

HceckeVs Nonsense . — Induction against deduction. 
As if it were not the case that deduction ^inference, 
and therefore induction also a deduction. This comes 
from polarisation. 

By induction.it was discovered 100 years ago that 
crabs and spiders were insects and all lower animals 
weje worms. By induction it has now been found that 
this is nonsense and there exist x classes. Wherein 
then lies the advantage of the so-called inductive con- 
clusion, which can be just as false as the deductive 
conclusion, the basis of which is classification ? 

Induction can never prove that there will never be a 
mammal without lacteal glands. Formerly nipples ~ 
^ere the mark of a mammal. But the plat}^us has- 
none. 

The whole swindle about induction was invented by 
the Englishmen; Whewell, Inductive Sciences, com- 
prising the purely mathematical side, and so the contra- 
diction to deduction. Lo^c, old or pew,, knows nothing 
of this. All forms of conclusion that start firom single 
things are experimental and based on experience, indeed 
the inductive conclusion even starts from A — E — B 
(general).^ 

^ The organic chemists attempted to carry this out at a congress 
held at Geneva in 1S92. Thus valeric acid (originally so-called because 
it was made from valerian) may be called pentanoic acid to show that 
it can be derived hrom the iivc-carbo;^ paraffin pentane by oxidising its 
terminal carbon atom« 
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It is also characteristic of the thinking capacity of our 
natural scientists that Haeckel fanatically chan^pions 
induction at the VCTy ihonient when the results of 
induction— th^ systems of classification — ^are every- 
where put in question {Limldus"^ a spider, i4sctdia ^ a 
vertebrate or chordate, the Dipnoi,^ however, being 
fishes, in opposition to all original definitions of amphibia) * 
and daily new facts are being discovered which over- 
throw the entire previous classification t)y induction. 
What a beautiful confirmation of Hegel’s thesis that the 
inductive conclusion is essentially a problematic one { * 
Indeed, even the whole classification : of organisms has 
been taken away from induction owing to the theory of 
evolution, and referred back to “ deduction,” to here^ty 
— one species being literally deduced from another by. 
"heredity — and it is impossible to prove the theory,^of 
evolution by induction alone, since it is quite anti- 
inductive. The concepts with which induction operates ; 
species, genus, class, have been rendered fluid by the 
theory of evolution and so have become relative : but 
one cannot use relative concepts for induction. 

. Induction and Deduction. Hseckel, History of' 
Creation, pp. 76-7. The conclusion polarised in^ 
induction and deduction ! 

Polarisation . — ^For Ji Grimm it was still a firmly 
established law that a German dialect must be either 
High German or Low German. In this he totally lost* 
sight of the Frankish dialect. Because the written 
Frankish of the later Carolingian pCTiod was High 
German (since the High German shifting of consonants 

1 The king-cmb, shown by Marx’s friend Ray Lahkester to be- an 
arachnid, i.r. related to the spiders and scorpions^ though not, of course, 
exactly a spider. 

® A sen<*squirt. Though the adult is sessile, the larva resembles a 
tadpole, ’ • 

• Lungftshes. 

^ See Appendix II. p. Jhw. ^ 
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had taken possession of the Frankish South-East), lu‘ 
imagined that Prankish passed in one place into old High 
German, in another, place into French. It then remained 
absolutely impossible to explain the source of the 
Netherland dialect in the ancient Salic regions. Frankish 
was only rediscovered after Grimm’s death : Salic in 
its rejuvenation as the Netherland dialect, Ripuaric in 
t])c Middle ayd Lower Rliine dialects, which in part 
Jiave been shifted to various stages of High German, and 
in part have remained Low German, so that Frankish is a 
dialect that is both High (ierman and Low German. 

Polarity. — A. magnet, on being cut through, polarises 
the neutral middle portion, but in such a way that the 
old poles remain. On the other hand a worm, on being 
eultointo two, retains the receptive mouth at the positive 
pole and forms a new negative pole at the other end with 
(‘xeretory anus ; but the old negatiA^e pole (the anus) 
now becomes positive, becoming a mouth,, and a new 
anus or negative pole is formed at the cut end.* Voild 
transformation of positive into negative. 

Anotlier example of polarity in Hicckcl : - mechanism =?= 
monism, and vitalism or teleology =diialism. Already 
in Kant and Hegel inner purpose is a protest gainst 
dualism.3 Mechanism applied to life is a helpless 
category, at the most we cotild speak of chemism, if 
^e do not want to renounce gll understanding^of names. 
Purpose : Hegel, V, p, 205 : Mechanism is revealed 
as a striving of totality evci^ by the fact that it seeks to 
grasp imture for itself as a whole which requires nothing 
else for i^s idea — a totality that is hot to be found in 
purpose and the e.}ira-nmhdane understanding connected 

^ Tins is^i rare* ty|K‘ i)f rcgeiicnilioiu A worm more usually behaves 
ItkcMi magnet. £ 

• Sec Ap|Jciulix IT, p. ^55. * See Appendix II, p, 
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with purpose” The point is, however, that mechanism 
(and also the materialism of the eighteenth century) 
does not get away from abstract necessity, and hence 
not from chance either. That matter evolves out of 
itself the t hinkin g human brain is for him a pure accident, 
although necessarily determined, step by step, where it 
happens. But the truth is that it is the nature of 
matter to advance to the evolution of thpiking beings, 
hence, too, this always necessarily occurs wherever the 
conditions for it (not necessarily identical at all places 
and times) are present. 

Further, Hegel, V, p. 206 : “ Hence this principle 
(mechanism) gives in its connection of external necessity 
the consciousness of infinite freedom as against teleology, 
^ which puts forward the trivialities and even the despic- 
able aspects of its content as something absolute, ix'in 
which more general thought can only find itself infinitely 
cramped and even affected by disgust.” 

In regard to this, moreover, the colossal waste of 
matter and motion in natuore. In the solar system there 
are perhaps three planets at most on which life and think- 
ing beings could exist — ^under present conditions. And 
the whole enormous apparatus for their sake ! 

The inner purpose ’in the organism, according to 
Hegel, .V, p. 244,* opoates through impulse. Fas trap 
fort. Impulse is supposed to bring the single living 
being more or less into harmony with the idea of it. 
From this, it is seen how much the whole inrier purposE 
is itself an ideoloj^cal detomination. And yet Lamarck 
is contdned in this. 

Valuable self-criticism of the Kantian thing^in itself, 
that Kant too suffers shipwrecks on the thinking ego and 
likewise discovers in it an unknowable thing in itself. 
Hegel, V, p, 266 et seq. 

^ See Appendix II, p. 856, 
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When Hegel makes the transition from living to 
knowing by means of propagation^ (reproduction), 
there is to be found in this the germ of the theory of 
evolution, that, organic life once given, it must evolve 
by the development of the generations to a genus of 
thinking beings. 

The Darwinian theory to be demonstrated as the 
practical proof of Hegel’s account of the inner connection 
between necessity and chance.^ 

What Hegel calls reciprocal action is the (organic body^ 
which, therefore, also forms the transition to conscious- 
ness, i.e. from necessity to freedom, to the idea. .Sec 
Logic, II, conclusion. 

Transformation of quantity into quality. — Simplest 
example oxygen and ozone, where 2 : 3 produces quite 
different properties, even in regard to smell. Chemistry 
likewise explains the other allotropic bodies ® merely by a 
difference in the number of atoms in the molecule. 

If Hegel ^ sees nature as a manifestation of the eternal 

idea ” in its alienation, and this is such a serious crime, 
what are we to say of the morphologist Richard Owen : 
‘‘ the archetypal idea was manifested in the flesh* under 
diverse modifications upon this planet, long prior 
t^ the existence of those animal species that actually 
exemplify it ” {Nature of Limbs, 1849). If that is said 
by a mystical natural scientist, who means nothing 
by it, it is allowed tp pass, but if a philosopher says the 
same tSing, and one who means something by it, and 
in fact au fond something correct, although in inverted 
form, then it is mysticism and a terrible crime. 

S * See i^pen^ix II, p. 857. 

* i.e. different f9rms of the same substance, for example graphite and 
diamond. This exaUnation is now mought to hold in some cases only. 

* See Appendix IT, p. 858. 
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. The empiricism of observation alone can never 
adequately prove necessil;y. PoH hoe but not propter 
hoc {Eneydopasdia, 1, p. 84). This is so very correct 
that it does not follow from the continual rising of the 
sun in the morning that it will rise again to-morrow, 
and in fact we know now that a time will -come when , 
one morning the sun will not rise. But the proof of 
necessity lies in human activity, in experiment, in work : 
if I am able to make the post hoc, it becomes identical 
with the propter hoc. 

Chance and NecgssUy . — ^Another contradiction in 
which metaphysics is entangled is that of chance and 
necessity. What can be more sharply contradictory than 
these two thought determinations ? How is it possible 
' that both are identical, that the accidental is necess^iry, 
and the necessary is also accidental ? Commonsense, 
and with it the great majority of natural scientists, 
treats necessity and chance as determinations that exclude 
one another once for all. A thing, a circumstance, a 
process is either accidental or necessary, but not both. 

• Hence both exist side by side in imture ; nature contains 
all sorts of objects and processes, of which some are. 
accidental^ the others necessary, and it is only a matter 
of not^confusing the two sorts with one another. Thus, 
for instance, one assumes the decisive specific characters 
to be necessary, other differences between individudls 
of the same species being termed accidental, and this 
holds good of crystals as it does for plants and animals. 
Then again the lower group becomes accidental .in 
relation to the higher, so that it is declared to be ^ matter . 
of chance how many different species are included in 
the gciius Felis ' or Agnus, or how many .genera and 
orders there are in a clas^,^ and how many individuals of 

’ E.g. Fdi* coins, the cat, Felis leo, the lion, Felis onca, (he jaguar. 

* This has assumed importanefiK^th the- work of "VVniis and others, 
who And definite laws governing these numbers. 
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each of these species exist, or how many different species 
of ammals occur in a given a^egion, or what in general 
the fauna and flora is like. And then it is declared 
that the necessary is the sole thing of scientific interest 
and that the accidental is, a matter of indifference to 
science. That is to say : what can be brought under 
laws, hence what one knows, is interesting ; what cannot 
be brought under laws, and therefore what one does not 
know, is a matter of indifference and can be ignored. 
Thereby all science comes to an end, for it has to investi- 
gate precisely that which we do not know. It means to 
say : what can be brought under general laws is regarded 
as necessary, and what cannot be so brought as acci- 
dental. Anyone can see that this is the same sort of 
science as that which proclaims natural what it can 
explain, and ascribes what it cannot explain to super- 
natural causes; whether I term the cause of the in- 
. explicable chance, or whetlier I term it God, is a matter 
of complete indifference as far as the thing itself is 
concerned. BotTi are only expressions which say: I 
do not know, and therefore do not belong to science. 
The latter ceases where the requisite connection is 
wanting. 

In opposition to this view there is d(‘terininisni, which 
has passed from French matcrialisn) into natural science, 
and which tries to dispose of chance by denying it 
altogether. According to this conception only simple, 
direct necessity prevails in nature. That a .particular 
pea-pod contains five peas and not four or six, that a 
particular dog’s tail is five inches long and not a whit 
• longer shorter, that this year a particular clover 
flower wa^i fertilised by a bee and another not, and indeed 
by precisely one particular hec and at a particular time, 
that a particular windblown dandelion seed has sprouted 
and anotlier not, that last n^ht I was bitten by a (h a 
at four o^'clock in the morning, and not at three or five 
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o’clock, and on the right shoulder and not on the left 
calf— these are all facts wljich have been producedeby an 
irrevocable concatenation of cause and effect, by an 
unshatterable necessity of such a nature indeed that the 
gaseous sphere, from which the solar system was derived, 
was already so constituted that these events had to 
happen thus and not otherwise. With this kind of 
necessity we likewise do not get away fjram the theo- 
logical conception of nature. Whether with Augustine 
and Calvin we call it the eternal decree of God, or 
Kismet as the Turks do, or whether we call it necessity, 
is all pretty much the same for science. There is no 
question of tracing the chain of causation in any of 
these cases ; so we are just as wise in one as in another, 
rthe so-called necessity remains an empty phrase, and 
with it — chance also remains what it was before. rAs 
long, as we are not able to show on what the number of 
.peas in the pod depends, it remains just a matter of 
chance, and the assertion that the case was foreseen 
already in the primordial constitution of the solw system 
does not get us a step further. Still more. A science 
'which was to set about the task of following back the 
casus of this individual pea-pod in its causal concatenav. 
tion would be no longer science but pure trifUng; 
for this same pea-pod alone has in addition innumerable 
other individual, accidental-seeming qualities': shade of 
colour, thickness, hardness of the pod, size of the peas, 
not to speak of the individual peculiarities reveal^ 
by the microscope. The one pea-pod, therefore, 
would already provide more causal connections for 
following up than all the botanists in the world could 
solve. „ 

Hence chance is not here explained by necessity, but 
rather necessity is degraded to the production of what 
is merely accidental. If ^e fact that a particular pea- 
pod contains six peas, and hot five or seven, is of the 
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same order as the law of motion of the solar system, or 
the law of the transformation of energy, then as a matter 
of fact chance is not elevatednnto necessity, but rather 
necessity degraded into chance. Furthermore, however 
much the diversity of the organic and inorganic species 
and individuals existing side by side in a given area 
may be asserted to be based on irrefragable necessity, 
for the separate species and individuals it remains 
what it was before, a matter of chance. For the indi- 
vidual animal it is a matter of chance, where it happens 
to be born, what medium it finds for living, what 
enemies and how many of them threaten it. For the 
mother plant it is a matter of chance whither the wind 
scatters its seeds, and,, for the daughter plant, where 
the seed finds soil for germination; and to assure us 
that here also everything rests on irrefragable necessity 
is S poor consolation. The jumbling together, of natural 
objects in a given region, nay more, in the whole 
world, for all the primordial determination from, eternity, 
remains what it was before — a matter of chance. 

In contrast to both conceptions, Hegel came forward 
with the hitherto quite unheard-of propositions that the 
accidental has a cause because it is accidental, and just 
&s much also has no cause because it is accidental ; 
that the accidental is necessary, that necessity deter- 
mines itself as chance, and, on the other hand, this 
chance is rather absolute necessity {Logic, II, Book III, 
2 ; Reality).^ Natural science has simply ignored these 
propositions as paradoxical trifling,^ as self-contra- 

^ See Appendix 11, p. 858. • 

* Science is now. be|rinning to tuokle these questions in connection 
with quantum mcclianics, and will doubtless tind a way of expressing 
them less pgradoxkially than HegeVs. Meanwhile there seems to be 
little doubt that many of the laws of ordinary physics are statistical 
consequences of chance events in atoms. But these chance events 
are ncoessaiy, because, though we cannot predict what a given atom 
will do, we dan predict how many out of a large number will go through a 
given process. 
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dictory nonsense, and, as regards theory, has persisted 
on the one hand in the barrenness of thought of Wolffian 
metaphysics, according te> which a thing is either acci- 
dental or necessary, but not both at once ; or, on the 
other hand, in the hardly less thoughtless mechanical 
determinism which by a phrase denies chance in 
general only to recognise it in practice in each par--- 
ticular case. 

While natural science continued to thiftk in this way, 
what did it do in the person of Darwin ? 

Darwin, in his epoch-making work, set out from the ' 
widest existing basis of chance. Precisely the infinite, 
accidental differences between individuals within a 
single species, differences which become accentuated 
until they break through the character of the species, 
and whose immediate causes even can be demonstrated 
only in extremely few cases, compelled him to question 
the previous basis of all regularity in biology, viz. 
the concept of species in its previous metaphysical 
rigidity and imchangeability. Without the concept of 
species, however, ail science was nothing. All its 
branches needed the concept of species as basis : human 
■anatomy and comparative anatomy — embryology, 
zoology, paleontology, botany, etc., what were thejr 
without the concept of species ? All their re.sults were 
not oidy put in question but directly suspended. Chance 
overthrows necessity, as conceived hitherto (the material 
of chance occurrences which had accumulated in tlj^e 
meantime smothered and . shattered the old idea of 
necessity). The previous idea of necessity breaks down. 
To retain it means dictatorially to impose on nature as a 
law a human arbitrary determination that is uT contra- 
diction to itself and to reality, it means to deny thereby 
all inner necessity in living nature, it means generally 
to proclaim the chaotic kingdom of chance J;o be the 
sole law of living natiurc.. 
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Gilt nicht mehr der Tausves Jontof^^* ^ cry the biolo- 
gists of all schools quite logically. 

Darwin. 

The Struggle for Existence. — ^Above all this must be 
strictly limited to the struggles resulting from plant and 
animal over-population^ which do in fact occur at definite 
stages of plaift and lower animal life. But one must 
keep sharply distinct from it the conditions in which 
species alter, old ones die out and newly evolved ones 
take their place, without this over-population : e.g. on 
the migration ,of animals and plants into new regions 
where new conditions of climate, soil, etc., are responsible 
for the alteration. If there the individuals which become 
adapted survive and develop into a new species by* 
continually increasing adaptation, while the other more 
stable individuals die away and finally die out, and with 
them the imperfect intermediate stages, then this can 
and does proceed without any Malthusianism^ and if the 
latter should occur at all it makes no change to the 
process, at most it can accelerate it. 

Similarly with the gradual alteration of the geo-* 
^aphical, climatic, etc., conditions in a given region 
(desiccation of central Asia for instance) whether the 
members of the animal or plant population there exert 
pressure on one another is a matter of indifference ; 
ijfie process of evolution of the organisms that is de- 
termined by it proceeds all the same. It is the same for 
sexual selection, in which case too Slalthusianism is quite 
unconcerned. 

Hende Haeckel’s adaptation and heredity also can 
determine the whole process of evolution, without need 
for selection - and Malthusianism. 

1 “ Gone<ts the authority of the law and the prophets/’ A line from 
one of Heine’s poems. See Appendix H, p. :539. 

* The majority of biologists doubf^this to-<luy. 



286 


DIALECTICS OF NATURE 


Darwin’s mistake lies precisely in lumping together in 
“ natural selection ” or the “ survival of the fittest ” 
two absolutely separate things : i 

1. Selection by the pressure of over-population, where 
perhaps the strongest survive in the first place, but where 
the weakest in many respects can also do so. 

2. Selection by greater capacity of adaptation to 
altered circumstances, where the survivors are better 
suited to these circumstances, but where this adaptation 

’ as a whole can mean regress just as well as progress (for 
instance adaptation to parasitic life is always regress). . 

The main thing : that each advance in organic 
evolution is at the same time a regression, fiking. 
fine-sided evolution and excluding evolution along many 
other directions’.® ^ 


This, however, a basic law. 


* B.g. the North American rabbits have an eleven-year cycle, hi 
whi^ over-population leads to an epidemic killing most of th^. 
During the year or two of over-population they struggle with one 
mother, during the rest of the cycle there is room for them all. HalSani. 
has stressed the very ‘different evolutionary effects of these two types of 
struggle. 

■ * E.g, the horse has only one toe on each foot, so cannot evolve 
It into a grasping, climbing, or swimming organ as, fbr example, the 
rat could|^ though the horse is, of coiuse, a better runner than the 
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Dialectical logic, in contrast to the old, merely formal 
logic, is not, like the latter, content with enumerating 
the forms of motion of thought, i.e. the various forms of 
judgement and conclusion, and placing them side by 
side without any connection. On the contrary, it 
derives these, forms out of one another, it makes one 
subordinate to another instead of putting them on an 
equal level, it develops the higher forms out of the lower. 
Faithful to his division of the whole of logic, Hegel 
groups judgements as : 

1. Judgement of inherence; the simplest form of 
judgement, in which a general property is aflSrmatively 
or negatively predicated of a single thing (positive 
jildgement, the rose is red ; negative, the rose is not* 
blue ; infinite, the rose is not a camel) ; 

2. Judgement of subsumption, in which a determina- 
tion relation is predicated of the subject; singular 
judgement: this man is mortal; particular: some, 
many men are mortal ; universal : all men are mortal, 
or man is mortal ; 

3. Judgement of necessity, in which its substantial 
determination is predicated of the subject ; categorical 
judgement : the rose is a plant ; hypothetical judge- 
ment ; if the sun rises it’ is daytime : disjunctive : 
Lepidosiren is either a fish or an aniphibian ; 

’ 4. Judgement of the notion, in which is predicated of 
the subject how far it corresponds to its general nature or, 
as Hegel says, to the notion, of it ; assgrtoric judgement : 
this house is bad ; problematic : if a house is constituted 
in such .and such a way, it is good-; apodeictic: the 
house that is constituted in such and such a way is good. 

1. Single Judgement. 2 and 8. Special'. 4. General. 

However dry this sounds here, and however arbitrary 
at first sight this dassificafion of judgements may here 



'238 DIALKCTICS OF NATUBE 

and there appear, yet. the inner ti-uth and necessity of 
this grouping will be illuminating for anyonOr who 
studies the brilliant exposition in Hegel’s larger Logie 
(■Works, V, pp. 68-115). To show how much this 
grouping is based not only on the laws of thought but 
also on laws of nature, we would like to put forward , 
here a very well-known example outside this connection. 

That friction produces warmth was already known 
practically to prehistoric man, who discovered the 
making of fire by friction perhaps more than 100,000 , 
years ago,i and who still earlier warmed cold parts of 
the body by rubbing. But from that to the discovery 
that friction is in general a source of heat, who knows 
how many thousands of years elapsed ? Enough that 
the time came when the human brain was sufficiently 
developed to be able to formulate the judgement : 
friction is a source of heat, a judgement of inherence, 
and indeed a positive one. 

Still further thousands of years passed until, in 1842, 
Mayer, Joule, and Colding investigated this special 
process in its relation to other processes of a similar 
kind that had been discovered in the meantime, i.e. 
as regards its immediate general conditions, and formur 
lated the judgement : all mechanical motion is capable 
of being converted into heat by means of friction. 
So much time and an enormous amount of empirical 
knowledge were required before we could make the 
advance in knowledge of the object from the abbye 
positive judgement of inherence to this universal judge- 
ment of subsumption. 

But from now on things went quickly. Only three 
years later, Mayer was able, at least in substance, to 
raise the judgement of subsumption to the level at which 
it now stands. 

r 

1 Even SincffUhropit^fpekinensisiryhii prohuhly. lived over 100,000 years 
ago, ond was anatomically very different from modern man, used fire. 
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Any form of motion, under conditions fixed for each 
case, is both able and coinpellad to undergo transforma-* 
tion, directly or indirectly, into any other form of motion : 
a judgement of the notion, and moreover an apodeictic 
one, the highest form of judgement altogether. 

What, therefore, in Hegel appears as a development 
of the thought form of judgement as such, confronts us 
here as the •development of our empirically based 
theoretical knowledge of the nature of motion in general. 
This shows, however, that laws of thought and laws of 
nature arc necessarily in agreement with one another, if 
only they are correctly known. 

Wc can conceive the first judgement as that of 
singularity; the isolated fact that friction produces heat 
is registered. The second judgement is that of particu- ^ 
larfty : a special form of motion, mechanical motion, 
exhibits the property, under special conditions (through 
friction), of passing into another special form of motion, 
viz. heat. The third judgement is that of universality : 
any form of motion proves able and compelled to 
undergo transformation into any other form of motion. 
In this form the law attains its final expression. By new * 
discoveries wc can give new examples of it, we can give it a 
new and richer content. But \ve cannot add anything 
to the law itself as so formulated. In its unive3;sality, 
equally universal in form and content, it is not suscep- 
tible of further extension : it is an absolute law of nature. 

Unfortunately we are in a difficulty about, the form 
of motion of protein, alias life, so long as we are not 

able to make protein.^ 

• 

' Wc cannot ycl make {irotcins, but we can prepare some of them 
puce. and. i# not alive, they are certainly lively. Thus the pure |n*otciii 
pepsin will break up at least Its own weight of another protein per 
. second, and can break up about a million times its \ycipbt of protein 
before wearing' out. Others can eaiTy out other similar processes. 
We are now beginning to study their ** form of motion ” while doing 
these things. If we kneiv enough aiiout their si met are to be able to 
make them, this would, of course. Iw easier. 
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Individuality, particularity, universality— these are 
the three determinations in which the whole “ Theory of 
the Notion ” moves. ^ Under these heads, progression 
takes place not in one but in many modalities, from the 
single to the particular and from the particular to the 
universal, and this is often enough exemplified by Hegel 
as the progression : individual, species, genus. And now 
the Hieckels come forward with their induction and 
trumpet it as a great fact — against Hegel — that there is 
progression from the single to the particular and thra to 
the universal (!), from the individual to the species and 
then to the genus — and then permit dedudive condusions 
which are supposed to lead further. These people have 
got into such a deadlock Qver. the opposition between 
^induction and deduction that they reduce all. logical forms 
of condtisibn to these two, and in so doing do not notice 
that (i ) they are unconsciously employing quite different 
forms of condusion under these names, (2) .deprive them* 
selves of the whole wealth of forms of condusion in so far 
as it cannot be forced under these two, and (8) thereby 
convert both forms, induction and deduction, into sheer 
nonsense. 

The above, moreover, demonstrates that judgements 
involve.n 0 t Kant’s “ power of judgement ” alone, but 
at least some power of judgement. 

Hofmann {A Century of Chemistry under tite Hohen- 
zoUems^) dtes The Philosophy of NcAure, with a quotation 
from Rosenkranz, the belletrist whom no real Hegelian 
recognises. To make the philosophy of nature responsible 
for Rosenkranz is as foolish as if Hofmann were<to make 
the Hohenzollams responsible for Marggrafs discovery 
of beet sugar. . ’ , 

^ ^ * See Appendix 1I» 859. 
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The ^eternal laws of nature become transformed more 
and more into historical oifes. That water is fluid 
from 0®— 100“ C. is an eternal law of nature, but 
for it to be valid, there must be (1) water, (2) the 
given temperature, (8) normal pressure.^ On the moon 
there is no water, in the sun only its elements, 
and the law does not exist for these two heavenly 
bodies. 

The laws of meteorology are also eternal, but only for 
the earth or for a. body of the size, density, axial inclina- 
tion, and temperature of the earth, and on condition that 
it has an atmosphere of the same mixture of oxygen and 
nitrogen and with the same amounts of water* vapour 
being evaporated and precipitated. The moon has no 
atmosphere, the sun one of glowing metallic vapours ; 
the former has no meteorology, that of the latter is 
quite different from ours. - 

Our whole ofiftcial physics, chemistry, and biology is 
exclusively geocentric, calculated only for the earth. 
We are still quite ignorant of the conditions of electric 
and magnetic stress on the sun, fixed stars, and nebulae, 
even on the planets of a different density from ours.2 
On the sun, owing to the high temperature, the laws of 
chemical combination of the elements are suspended 
or only momentarily operative at the limits of the solar 
atmosphere, the compounds becoming dissociated again 
OH approaching the sun. The chemistry of -the sun, 
however, is in process of arising, .and is nfecessarily 
quite different from that of the earth, not overthrowing 
the latter but standing otltside it. In the nebulae 

1 Wc could to-day add a fourth condition* The water must be the 
standard mikture of light and heavy water. For ordinary water is 
now known to be a mixture of at least six slightly different compounds. 
No doubt our successors will discover still more conditions. 

* We now know quite a lot about these matters, thanks to the 
spectroscope. We know, for examgle, that many of the atoms in 
the sun’s atmosphere which absorb iight are electrically charged, that 
the sunspots have magnetic fields, a^d so on. 
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perhaps there do not exist even those of the 66 elements i 
which are possibly themselves of compound nature. 
Hence, if we wish to speak of general laws of nature that 
are uniformly applicable to all bodies — ^from the nebula 
to man— we are left only with gravity and perhaps the 
most geneand form of the theory of the transformation 
of energy, milgo the mechanical theory of heat.* But, 
on its general logical application to all phenomena of 
nature, this theory itself becomes .converted into a 
historical presentation of the successive changes occurring 
in a system of the universe from its origin to its passing 
away, hence into a history in which at each stage different 
laws, *.c. different phenomenal forms of the same 
universal motion, predominate, and so nothing remains 
as continually and universally valid except — motion. 

Knowing . — ^Ants have eyes different from ours,, they 
can sec the chemical (?) light rays * {Nature, June 8, 
1882, Lubbock), but as regards knowledge of these in- 
visible rays to us, we are considerably more advanced 
than the ants, and the very fact that we are able to 
demonstrate that ants can see things invisible to us, and 
that this proof is based solely on perceptions made with- 
our eyes, shows that the special construction of the 
human,eyc sets no absolute barrier to human co^ition. 

In addition to the eye, we have not only the other 
senses but also our thought activity. With regard ‘to 
the latter ^gain, matters stand exactly as with the ey€. 
To know what can be discovered By our thinking, it is 
no use, a hundred years aftgr Kant, to try and find out 

* Xincty-two elements’ (not w>unting isotopes) are now knon^. Only 
i» few lmve‘ yet been detected in jp>scous nebula:, but it is rather doubtful 
whether many are absent. * • 

s We can extend this list now to some laws governing the behaviour 
!»f atoms, though even here the gases in the nebulae emit light according 
lo rather different laws to those on earth, because their ntonns are so far 
upart that they rarely collide. 

3 i.r. what we now mil ultra- vidTet radiation. Hers <*an not merely 
MT it, but distinguish cxdoiirs within it. 
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the range of thought from the criticism of the intellect 
or the investigation of the ^instrument of knowing. 
That would be as if Helmholtz were to use the imper- 
fection of our sight (indeed a necessary imperfection, 
for an eye that could see all rays would for that very 
reason see nothing at all),^ and the construction of the 
eye, which restricts sight to definite limits and even so 
does not give^quite correct reproduction, as proof that 
the eye incorrectly or treacherously acquaints us with 
the nature of what is seen. What can be ascertained 
by our thought is more evident from what it has already 
discovered and is every day still discovering. And that 
is already enough both in quantity and quality. On 
the other hand, the investigation of the forms of thought, 
the thought determinations, is very profitable and 
necessary, and since Aristotle this has been systematically ' 
undertaken only by Hegel. 

In any case we shall never find out how chemical rays 
appear to ants. 2 Anyone who is worried at this is 
simply beyond help. 

Natural scientists may adopt whatever attitude they, 
{)lease,. they will still be under the domination of philo- 
sophy. It is only a question whether they want to be 
dominated by a bad, fashionable philosophy or by a 
form of theoretical thought which rests on acquaintance 
with the history of thought and its achievements. 

9 Physics, beware of metaphysics,” is quite right, but 
in a contrary sense. 

Natural scientists allow philosophy to prolong a 
pscjudo^existence by making shift with the dregs of tlie 

^ For only (‘crfaiii rays c*an !)e brought, to a focus by a lens. If 
our retina (I'ere sensitive to radio waves and X-rays wc could not tell 
from which direction they came, and would at least be- greatly handi- 
capped in our vision. 

'f This iswperhaps not absolutely certain. Wo way find that certain 
physical processes in human brains arc always associated wdth a 
imrticular kind of sciisiilioii< and id^tif> similar processes in ants. 
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old metaphysics. Only when natural and historical 
science has adopted dialectics will all the philosophical 
rubbish— outside the pure theory of thought — ^be 
superfluous, disappearing in positive science.' 

Hegel, Gesehiehte der PhilosopMe [History of Phih- 
sophi/l — Greek •philosophy [The Ancients\ Outlook on 
Nature), I. ^ 

'Of the first philosophers, Aristotle says (Metaphysics, 
I, p. 8) that they assert : 

“ from what all being is, and from what it arises as 
the first thing of all, and into what it passes away as 
the last thing of all . . - . which as substance {auata) 
alw'ays remains the same mid only changes in its 
detcrnriinations (•wadect) this is the element (oroixetov), 
and the principle (ipx^) of all being. . . . For'^this 
reason they hold that nothing comes into being 
(ofrre yfyveofiot oiSiv) npr passes away, because 
the same nature always persists ” (p. 198). 

Here, therefore, is already the whole original natural 
materialism which at its beginning quite naturally 
regards the unity of the infinite diversity of naturtd 
phenomena as a matter of course; and see^ it in some 
definite corporeal principle, a special thing, as Thales 
does in .w*ter. 

Cicero says : ** Thales Milesius . . . aquam dixit 

esse initium return, Deum autem earn mentem, qu^e 
ex aqua cuncta fingeret ” (De Natura Deorum, I, p. 10). 
Hegel quite rightly declarjM that this is an addition of 
Cicero’s, and adds ; •“ However, we are not concerned 
here with this question whether, in addition, Thales 
believed in God ; it is not a matter here of supposition, 
belief, popular religion . . . and whether or no he 
spoke of God as having created all things from that 
water, we would not thereby know anything more of this 
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being ... it is an empty word without its idea,” 
p. 209 (Co. 60Q-^-605). « 

The oldest Greek philosophers were at the same time 
investigators of nature : Thales, a geometrician, fixed 
the year at 865 days, and is said to have predicted a 
jolar eclipse. Anaanmander constructed a sun clock, 
a kind of map (wepffterpov) of land and ' sea and 
various astronoipical instruments. Pythagoras, a mathe- 
matician. 

, Anaanmander of Milctos, according to jPlutarch, Qua;st : 
C&nmval., VIII, p. 8, makes ” man come from a fish, 
emerging from the water on to the land," p. 218. For' 
him the dpx^ orovxfiov to an-etpovi without dettr- 
■ mining it as air or water or anything else (Siopt^wi^), 
Diogenes tsertius II, paragraph 1 . This infinite correctly 
reproduced by Hegel, p. 215, as “ undetermined matter ” 
.(co. 580). 

Anaximenes of Miletos takes air as principle and ba.sic 
element, declaring it to be infinite (Cicero, Natura 
Deorum, I, p. 10) and that “ everything arises from it, 
in it everything is again dissolved ” (Plutarch, De 
placUis philos., 1, p. 8). Here air iqp=s7rveSixai “Just 
as our soul, which is air, holds us together, so also a 
spirit {nveOpa) and air hold the whole world together. 
Spirit and air have the same meaning ” (Pluttgrch). 
Soul and air conceived as a general medium (ca. 555). 

Aristotle already says that these more ancient philo- 
sophers put the primordial essence in a form of jnatter : 
air and water (and perhaps Anaximander in a middle 
thing between both), later Hpraclitus in fire, but none 
*in earth «n account of its multiple composition (8iA rrp> 
/i€yoAo/x€p«pv). Metaphysics, 1, 8, p. 217. 

Aristotle correctly remarks of all of them that they 
leave the origin of motion uneiq^laincd, p. 218 et scq. 

Pythagoras of Samos (ca. 540) ; number is the basic 
^ ** Beginning and clement is the infinite.’* 
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principle : “ That number is the essence of all things, 
and the organisation of ^hc universe as a whole* in its 
determinations is a harmonious system of numbers and 
their relations.” Aristotle, Metaphysics, I, 5 passim. 
Hegel justly points out “ the audacity of such language, 
which at one blow strikes down all that is regarded by 
tlic imagination as being or as essential (true), and 
annihilates the sensuous essence,” and puts the essence 
in a thought determination, even if it is a very restricted 
and one-sided one. Just as number is subject to definite 
laws, so also the universe ; hereby its obedience to 
law was expressed for the first time. To Pythagoras is 
ascribed the reduction of musical harmonies to mathe- 
matical relations. Likewise : “ The Pythagoreans put 
fire in the centre, but the earth as a star which revolves 
in a circle around this central body.” Aristotle, Meta- 
physics, I, 5. This fire, however, is not the sun ; 
nevertheless this ’is the first inkling that the earth 
moves. 

Hegel on the planetary system : 

"... the harmonious element, which determines 
the distances — mathematies has still not been able 
to* give any basis for it. The empirical numbers artf 
accurately known ; but it has all the appearance of 
chance, not of necessity. Any approximate regularity 
in the distances is’ known, and thus with luck planets 
between Mars and Jupiter have been guessed at, 
where later Ceres, Vesta, Pallas, etc., were discoveredns 
l)ut astronomy still did not find a logical series in 
which there was any sense. Rather it looks with 
contempt on the regular presentation of this series ; 

. for itself, however, it is an extremely important point 
which must not he surrendered,” p. 207. 

For all the naive materialism of the total outlook, the 
kernel of the later split is' already to be fouiftl among 
the most aneieut Greeks*' F<»r Thales, the soul is 
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already something special, something different from the 
body^(just as he ascribes a soul also to the magnet), 
for Anaximenes it is air a^s in Genesis, for the Pytha- 
goreans it is already immortal and migratory, the body 
being purely accidental to it. For the Pythagoreans, 
also, the soul is “ a chip of the ether (aTroWaa/xa 
atdepo^), Diogenes Laertius, VIII, pp. 26->8, where the 
cold ether is the air, the dense ether the sea and 
moisture, • 

Aristotle correctly reproaches the Pythagoreans also : 
with their numbers “ they do not say how motion 
comes into being, and how, without motion and change, 
there is coming into being and passing away, or states 
and activities of heavenly things.’’ Metaphysics^ I, 8. 

Pythagoras is supposed to have known the identity 
of the morning and evening star, that the moon gets^ 
its light from, the sun, and finally the Pythagorean 
theorem. 1 “ Pythagoras is said to have slaughtered a 

hecatomb on discovering this theorem . . . and how'- 
ever remarkable it may be that his joy went so far on 
that account as to order a great feast, to which the rich 
and the whole people were invited, it was w^orth the 
trouble. It is joyousness of spirit (knowledge) — at the 
expense of the oxen,” p. 279. 

The Kleatics, 

• • 

1 l,e, the theorem tluit the s<juarc on the longest side of a right- 
angled trianglC' is the sum (if the s<iuares on the shorter sides, e,g. 
^*= 32 + 4 *. 
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1. According to HegelJ iniinite progress is a barren 
waste because it appears Qnly as eternal repetition of the 
same thing * ; 1+1 +1, etc. 

2. In reality, however, it is no repetition, but a develop- 
ment, an advance or regression, and thereby it becomes 
a necessary form of motion. This apart from the fact 
that it is not infinite ; the end of the earth’s lifetime can 
already be foreseen. But then, the earth also is not the 
whole universe. In Hegel’s system, any development ' 
was excluded from the temporal history of nature, 
otherwise nature would not have been the other being 

, of spirit. But in human history the infinite progress of 
Hegel is recognised as the sole true form of existence of 
“ spirit,” except that fantastically this developmenj; is 
assumed to have an end — ^in the production of the 
Hegelian philosophy. 

8. There is also infinite knowing ® : ' questa infiniih che 
le cose non hanno in progresso, la hanno in giro.^ Thus 
the law bf the change of form of motion is an infinite 
one, including itself in itself. Such infinities, however, 
'are in their tmrn smitten with finiteness, and only occur^ 

sporadically. So also jg. 

Quantity and Quality. — ^Number is the purest quanti- 
tative determination that we know. But it is chocks 
full of qualitative differences. 1. Hegel, number and 
unity, multiplication, division, raising to a higher 
power, extraction of roots. ''Thereby, what is not^shown 
in Hegel, qualitative differences already make their 
appearance : prime numbers and products^ simple 

» See Appendix II, p. 301. ^ 

* “ This iimite, which things do not have in progress, they have in 
dtcUng.”— Galiani, Delia Moneta, 1908. 
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roots and powers. 16 is not merely the sum of 16 ones, 
it is also the square of 4, the fourth power of 2. Still 
more. Prime numbers communicate new, definitely 
determined qualities to numbers derived from them by 
multiplication with other numbers ; only even numbers 
mre divisible by 2, and there is a similar determination 
*in the case of 4 and 8. For 8 there is the rule of the 
sum of the figures, and the same thing for 9 and also 
for 6, in the last case in combination with the even 
number. For 7 there is a special rule. These form the 
basis for tricks with numbers which seem' incompre- 
hensible to the uninitiated. Hence what Hegel says, 
quantum, p. 287,* on the absence of thought in arithmetic, 
is incorrect. Compare, however, “ Measure.” 

As soon as mathematics speaks of the infinitely large 
andainfinitely small, it introduces a qualitative difference 
which even takes the form of an unbridgeable qualitative 
opposition. Quantities so enormously different from one 
another that every rational relation, every comparison, 
between them ceases, that they become quantitatively 
incommensurable. The ordinary incommensurability 
of the circle and the straight line is also a dialectical 
qualitative difference; but here it is the difference in 
quantity of similar mc^itudes that increases the difference 

of quality to the point of incommensmability. 

• • 

Number . — ^The single number becomes endowed with 
q^ity already in the numerical system itself, and the 
quality depends on the sj^tem psed. 9 is not only 1 
added togeth^ 9 times, but also the basis for 90, 99, 
900,000| etc. All numerical laws depend upon and are 
determined by the system adopted. In dyadic and 
triadic syiJtems® 2 multiplied by 2 does not equal 4, but= 

^ See Appendix ll^p. 861 « 

* /.e. systems where 2 or 8, not 10,4s the so*caUed radix, so that 100 
in the dyadic system means one four plus no two plus no unit, and 11 in 
the triadio system means one three one unit«^ 
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100 or =11. In all systems 'with an odd basic number, 
the difference between odd and even numbers" falls to 
the ground, e.g. in the system based on 5, 5 ==10, 10^20, 
15=30.1 Likewise in the same system the sums of 
digits Sn of products of 3 or 9 (6=11, 9=14).2 Hence 
the basic number determines not only its own quality^ 
but also that of all the other numbers. 

With powers of numbers, the matter goes still further : 
any number can be conceived as the power of any other 
number' — ^there are as many logarithmic systems ns 
there are whole and fractional numbers. 

V' — 1. — ^The negative magnitudes of algebra are real 
only ill so far as they are connected with positive magni- 
tudes and only within the relation to the latter ; ou<tsidc 
this relation, taken by themselves, they are purely 
imaginary. In trigonometry and analytical geometry, 
together with the branches of higher mathematics of 
which these are the basis, they express a definite 
direction of motion, opposite to the positive direction. 
But the sine and tangent of the circle can be reckoned 
from the upper right-hand quadrant just as well as 
from the right-hand lower quadrant, thus directly 
reversing plus and minus* Similarly, in analytical 
geomHry, abscissae'^ can be calculated from the periphery 
or from the centre of the circle, indeed in all curves 
they can be reckoned in the direction usually denoted lis 
minus or'in any desired direction, and still give a correct 

^ In each ease the first number of .the pair is in the ordinary notatiop, 
tlie second in the system based on 5. ^ 

^ the rule vmid in the ordinaty scale of ten that, if a number is 
divisible by S or 0, so is the sum of its digits, does not hold in the scale 
of 5. (In this system an even number can be detected because the sum 
of its digits is even. B.g, 10032 in the scale of 5 (642 in the scale of 30) 
is even because l+O+O-f 8+2 is even. A multiple of 3 ean be detected 
Iwoause the difference between the sums of alternative digits is zero or 
a multiple of 8, e.g. 10082 is divisible by .8 because 1+0+ 2=^-0 +8.) 

* In modem ternimology radii 7n polar co-ordinates. * 
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rational equation for the curve. Here plus exists only 
as the 5omplenient of minus and vice versa. But alge- 
braic abstraction treats it as real and independent, even 
outside the relation to a larger, positive magnitude. 


, Application of mathematics : in the . mechanics of 
rigid bodies it is absolute, in that of gases approximate, i 
that of fluids already more difficult — in physics more 
tentative and relative — in chemistry, simple equations 
.of the first order and of the simplest nature — ^in biology 
= 0 . 

The differential calculus for the first, time made it 
possible for natural science to represent processes 
mathematically and not only sMes ; motion. 

• 

That positive and negative can be put as equal, 
irrespective of which side is positive and which negative : 
this not only in analytical geometry — still more in 
physics — see Clausius, p. 87 et seq. 

Zero, because it is the negation of any definite quantity, 
ij« not therefore devoid of content. On the contrary, 
zero has a very definite content. As the border line 
. between all positive and negative magnitudes, as the' 
sole really neutral number, which cad be neither positive 
nor negative, it is not only a very definite number, but 
also in itself more important- than all other numbers 
marked off; from it. In fact, zero is richer hi content 
than any other number. Put on the right of any other 
- number, it gives in our system of numbers the tenfold 

value. Instead of zero one could use, here any other 

• 

* This was true when Engels wrote it, but is so no longer. There 
is an exact mathematics of gases, though the gases treated are abstrac- 
tions from reality, like rigid bodies. Chemistry is now highly mathe- 
matical, and biology moderately so. Even in psycholo^ advanced 
fimtheniatics are newe<l in one seolion, that dealing with tests of 
ifitelligcncc and the like. * 
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sign, but only on the condition that this sign taken by 
itself signifies zero=0. JHence it is part of the nature of 
zero itself that it finds this application and that it alone 
cm be applied. Zero annihilates every other nunaber 
with which it is multiplied ; united with any other 
number as divisor or 'dividend, in the former case it;„ 
makes this infinitely large, in the latter infinitely small ; 
it is the only number that stands in a relation of infinity 
to every other number. can express every number 
between — v> and + oo, and in each case represents & 
real magnitude. The real content of an equation first 
clearly emerges when all its members have been brought 
on one side, and the equation is thus reduced to zero 
value, as already happens for quadratic equations, and 
is almost the general rule in higher algebra. A function, 
y)—^ can likewise be put equal to *, and tlfis z, 
although it is =0, differentiated like an ordinary de- 
pendent variable and its partial differential quotient 
determined.! 

The zero of every quantity, however, is itself quanti- 
tatively determined, and only on' that account is it 
possible to calculate with zero. The very same mathe- 
maticimis who are quite unembarrassed in reckmiing 
with zero in the above manner, iiC. in operating with it 
as a ^definite quantitative concept, bringing it into 
'quantitative relation to other quantitative concepts, 
clutch their heads in desperation when they read this in 
Hegel generalised as: the nothing of a something is'°a 
determinate nothing. 

But now for analytical geometry. Here zero is a 
definit^ point from which measurements are taken along 


1 This is done in testing for “ double' points ” on a curve whose 
equation is given.- JS.g. if 8<KeF»sO is the equation of a 

ottiye, it orosses itself at the origin, because 

^•=8a‘-S<w. S' 

and both are equal aero when a and y»0. 


M*— f 
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a line, in one direction positively, in the other negatively. 
Here, therefore, the zero point l^s not only just as much, 
significance as any point denoted by a positive or nega- 
tive magnitude, but a much greater significance than 
all of them : it is the point on which they are all 
dependent, to which they are all related, and by which 
1;hey are all determined. In many cases it can even be 
taken quite .at random. But once adopted, it remains 
the central point of the whole operation, often deter- 
mining even the direction of the line along which the 
other points — ^the end points of the abscissee — are to be 
inserted. If, for example, in order to arrive at the 
equation of the circle, we choose any point of the 
periphery as the zero point, then the line of the absciss© 
must go through the centre of the circle. All this finds 
just«s much application in mechanics, where likewise 
. the' calculation of the motions of the point taken as zero 
in each ease forms the main point and pivot for the 
entire operation. The zero point of the thermometer 
is the very definite lower limit of the temperature 
section that is divided into any desired number of 
degrees, thereby serving as a measure both for tempera- 
ture stages within the section as also for higher or lower 
temperatures. Hence in this case also it is a very 
essential point. And even the absolute zero of the 
thermometer in no way represents pure abstract ’ 
negation, but a very definite state of matter : the limit 
at 'which the last trace of independent molecular motion 
vanishes and matter acts only as mass.' Wherever we 
come upon zero, it represents something very definite, 
•and its practical application ’in geometry, mechanics, 
etc., proves that — as limit — it is more important than all 
the real magnitudes marked off from it. 

One . — ^Nbthing looks more simple than quantitative 
unity, and nothing is more rnSnifold thstfi it, as soon as 
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we investigate it in connection with the corresponding 
plurality uid according ^to its .various modes of origin 
from plurality. First of all, one is the basic number 
of the whole positive and negative system of numbers, 
all other numbers arising by the successive addition of 
one to itself.. One is the expression of all positive, 
negative, and fractional powers of one : 1®, -s/l, 1-2 
are all equal to one. It is the content, of all fractions 
in which the numerator and denominator prove to be 
equal. It - is the expression of every number that is 
raised to the power of zero, and therewith the sole 
number the logarithm of which is the same in all 
systems, viz. =0. Thus one is the frontier that divides 
all possible systems of logarithias into two parts ; if the 
base is greater than one; then the logarithms of all 
numbers more than one are positive, and of all numbers 
less than one negative ; if it is smaller than one, the 
reverse is the case. 

Henpe, if every number contains unity in itself in as 
much as it is compounded entirely of ones added 
together, unity likewise contains, all other numbers in 
itself. This is not only a possibility, in as much as we 
can construct any number, solely of ones, but also <a 
reality, in as much as one is a definite power of every 
other^ number. But the very same mathematicians 
‘who, without turning a hair, interpolate into their 
calculations, wherever it suits them, x^sl, or a firaetion 
whose numerator .and denominator are equal and, whfiih 
therefore likewise represents one, who therefore apply 
inatKcmatically the plurality contained in unity, turn 
up their noses and grimace if they are told in> general 
terms that unity and plurality are inseparable^ mutually 
penetrating, concepts and that plurality is not less 
contained in unity than unity is in plurality. How 
much this is the case we see as soon as we &rsake the 
field of pure numbers. Afready in the measurement of 



IMAI^CTICS Of’naTUIIE — NOTEvS * 233 

lines, surfaces, and the volumes of bodies it becomes 
apparent that we can take any ^esired magnitude of the. 
appropriate order as unity, and the same thing holds for 
measurement of time, weight, motion, etc. For the 
measurement of cells even millimetres and milligrams 
are too large, for the measurement of stellar distances 
or the velocity of light even the kilonietre is uncom- 
fortably small, just as the kilogram for planetary and 
even solar masses. Here is seen “very clearly what 
diversity and multiplicity is contained in the concept of 
unity, at first sight so simple. 

Mathematics . — To comrnonsense it appears an ali- 
surdity to resolve a definite magnitude, e.g, a binomial 
expression, into an infinite s’eries, that is, into something 
indefinite. But where would we be without infinite 
.series and the binomial theorem ? 
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Conservatiofi of Energy . — ^The quantitative constancy 
of motion was already enunciated by Descartes, and 
indeed abnost in the same words as now by ? (Clausius, 
Robert Mayer ?). On the other hand, the transformatioi^. 
ot form of motion was only discovered after 1842 and this, 
not the law of quantitative constaney, is what is new. 

Molecule and Differential. — Wiedemann, III, p. 686, 
puts finite and molecular distances as directly opposed to 
one another.' 

Force and Conservation of Force. — The passages of 
J. R. Mayor in his two first papers to be cited against 
Helmholtz. 

Trigonometry. — ^After synthetic geometry has ex- 
hausted the properties of a triangle, regarded as sueh, 
and has nothing new to say, a more extensive horizon 
is opened up by a very simple, thorpyghly dialectical, 
procedure. The triangle is no longer considered in 
and for itself but in connection with another figure, the 
circle. Every right-angled triangle can be regarded 
as l^onging to a circle : if the hypotenuse =r, then the 
'sides enclosing the right angle, are sin and cos, if one 
of these sides =r, then the other =ten, the hypotenuse = 
sec. In this way the sides and angles are given qd^e 
different, definite relationships which without this 
relation of the triangle to the circle would be impossible 
to discover and use, and quite a new theory of the 
triangle arises, far surpassing the old and imiversally 
applicable, because every triangle can be resolved into 
two right-angled triangles. This development of trigo- 
nometry from synthetic geometry is a good example 
n 1 See Appendix 11, p. 362. 
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of dialectics', of the way in which it comprehends things 
in their»connection instead of in isolation. 

The consutnption of kinetic energy as such within 
dynamics is always of a twofold nature and has a two- 
fold result : (1) the kinetic work done, production of a 
•corresponding quantity of potential energy, which, 
however, is always less than the- applied kinetic energy ; 
(2) overcoming— besides gravity — frictional and other 
resistances that convert the remainder of the used-up 
kinetic energy into heat. Likewise on re-eonversion : 
according to the way this takes place, a part of the loss 
through friction, etc., is dissipated as heat — and that is 
all very ancient ! 

In the motion of gases — ^in the process of evaporation— 
the gnotion of masses passes directly into molecular 
motion. Here, therefore, the transition has to be made. 

Hegd, Encyclopedia, I, p. 205,^ a prophetic passage on 
atomic weights in contrast to the physical views of the 
time, and on atom and molecule as thought determina- 
tions, on 'Vrhich thought has to decide. 

Gravity as the most general determination of materiality 
as commonly accepted. That is to say, attraction is 
a necessary property of matter, b\it not repulsion. 
But attraction and repulsion are as inseparable as 
positive and negative, and hence from dialectics itself 
it can already be predicted that the true tKeory of 
matter must assign as important a place to repulsion- 
.^s to attraction,® and that a* theory of matter based 

^ See Appendix II» p. 

* This is' eiflphatieally so in modern physics. We can dispense yrith 
the notion of attraction by introducing that of the curvature of space- 
time in the theory of general relativity, and also the notion of inter- . 
change bet^raen indistinguishable particles. But that of repulsion 
remains as a' particular case of Paulfs ex<'lusioh principle, as part of 
the very nature of ultimate particles, * 
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on mere attraction is false, inadequate, and one* 
sided. In fact sufficient phenomena occur that c|^mon- 
strate this in advance, if only on account of light, the 
ether is not to be dispensed with. Is the ether of 
material nature ? It if exists at all, it must be of 
material nature, it must come under the concept of 
matter. But it is not affected by gravity.! The tail 
of a comet is granted to be of material nature. It 
shows a powerful repulsion. Heat in a" gas produces 
repulsion, etc. 

Impulse and Friction. — ^Mechanics regards the effect of 
an impulse as purely transitory. But in reality things 
are different. On every impact part of the mechanical 
motion is transformed into heat, and friction is nothing 
more than a form of impact that continually converts 
mechanical motion into heat (fire by friction known f]g>m 
primaeval times). 

Descartes discovered that the ebb and flow of the tides 
are caused by the attraction of the moon. He also 
discovered simultaneously with Snell the basic law of 
the refraction of light, and this in a form peculiar to 
himself and different from that of Snell. 

9 

Theory and Empiricism. — ^The oblatcncss of the earth 
vas theoretically established by Newton. The Cassinis 
and other Frenchmen maintained a long time after- 
wards, on the basis of their empirical measurements, 
that the earth is ellipsoidal and the polar axis the longer 
one,- 

*> 

. Aristarchus , of Samos, 270 B.c;, already held the 
Copermcan theory of the Earth and Snn, Madlgr, p. 44,® 
Wolf, pp. 85-7. 

^ Bagels" scepticism as to the reality of the. ether ha^ been fully 
borne put by the development of physics* 

^ See Appendix XI, p. U6a. 
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Democritus had already surmised that the Milky 
Way sheds on us the combined jiight of innumerable small 
stars, Wolf, p. 813. * 

A pretty example of the dialectics of nature is the way 

in which according to present-day theory the repulsion 

of like magnetic Poles is explained by the attraction of 

like electric currents, Guthrie, p. 264.2 
« 

The contempt of the empiricists for the Greeks receives 
a peculiar illustration if one reads, for instance, Th. 
Thomson “ On Electricity,” where people like Davy 
and even Faraday grope in the dark (the electric sparl^ 
etc.), and arrange experiments that remind one of the 
stories of Aristotle and Pliny about physico-chemical 
relations. It is precisely in this new science that the ^ 
empiricists entirely reproduce the blind groping of the 
ancients. And. when Faraday with his genius gets on 
the right track, the philistine Thomson has to protest 
against it (p. 897). 

Attraction and Gravitation , — The whole gravitation 
theory rests on saying that attraction is the essence of • 
matter. This is necessarily false. "Where there is 
attraction, it must be complemented by repulsion. 
Hence Hegel is quite right in saying that the essence 
of matter is attraction and repulsion. And in fact we . 
are more and more becoming forced to recognise that 
the dissipation of matter has a limit where attraction is 
transformed into repulsion, and conversely the con- 
densation of the repelled matter has a limit where it 
becomes attraction.^ 

* See Appendix II, p. 868. 

> This is startlingly confirmed by modern physics. The spiral 
nebulae seem to be flying apart. This is put down by some physicists 
to a repulsive gravitation at very great distances. ' Again atomic 
nuclei whioh?repel one another until they are very close, can cohere to 
form heavier nuclei if they are brought close enough together. Both 
these facts were wholly uncxpeotc<l when Engels wrote. 
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The earlier, naive conception is as a Eule more correct 
than the later metaphysical one. Thus Bacon (and 
after him Boyle, Newton, and almost all the English- 
men), said heat was motion (Boyle even said molecular 
motion). It was only in the eighteenth century that 
:he caloric theory arose in iVance and became more or ^ 
less accepted on the Continent. 

The geocentric standpoint in astronomy is prejudiced 
and has rightly been abolished. But as we go deeper, 
in our investigations, it comes more and more into its 
own. . . . Thesun, etc., sercc the earth, Hegel, PAilosopAy 
of Nature, p, 157. (The whole huge sun exists merely 
for the sake of the little planets.) Anything other than 
geocentric physics, chemistry, biology, meteorology, 
etc., is impossible for us, and it loses nothing by'’the 
phrase that this only holds good for the earth and is • 
therefore only relative. If one takes, this seriously and 
demands a centreless science, one puts a stop to all 
science ; [it suffices] us to know that under the same 
conditions everywhere the same ( ; , . ) i 

At absolute 0® no gas is possible, all motion of the 
molecules ceases ; the slightest pressure, and hence 4heir 
own attraction, forces them together. Coi^equenily, a 
permanent gas is an impossibility,^ 

mv^ h?|,s been proved also for gas molecules by the 
kinetic theory of gases. Hence there is the same law 
for molecular- motion as for the motion of masses : the 
difference between the two is here abolished. 

(P 

(1) Motion in general. 

(2) Attraction and repulsion. Transference of motion. 

1 The last line in the manuscript is undecipherable, 

> Since Bngels* d^th all the g^es have proved to be liquedable by 
suihcient cold. 
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(8) Conservation of energy applied to this. Re- 
pulsion -f-attraction^addition^of repulsion =energy. 

(4) Gravitation — heavenly bodies — ^terrestrial me- 
chanics. 

(5) Physics, heat, electricity. 

(6) Chemistry. 

(7) Summary. 

(a) Before 4 : mathematically infinite line and 

and — are the same. 

(b) In astronomy : performance of work by the 

tides. , - 

Double calculation in Helmholtz, 11, p. 120. 
Forces in Helmholtz, 11, p. 190. 

Conclusion for Thomson, Clausius, Loschmidt : The 
reversion consisls in repulsion repelling itself and thereby 
returning out of the medium into extinct heavenly bodies. 
But just therein lies also the proof that repulsion is the 
really active side of motion, and attraction the passive 
side. 

(1) Motion of the heavenly bodies. Approximate 
equilibrium of attraction and repulsion in the motion. 

(2) Motion on one heavenly body, Mass. In so far 
as tills from pure medianical causes, also equilijprium. 
The masses at rest on their foundation. On the moon 
this equilibrium is apparently complete. Mechanical 
altraction has overcome mechanical repulsion. From 
the standpoint of pure mechanics, we do not know 
what has become of the repplsion, and pure mechanics 
just as- little explains whence come the “forces,” by 
which, for example, masses on the earth move against 
gravity. It takes the fact for granted. Hence here 
there is simple communication of repelling, displacing 
motion from mass to mass, with equality of attraction 
and repulsion. 
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(3) The overwhelming majority of all terrestrial 
motions, however, are ma4e up of the conversion''of one 
form of motion into another, mechanical motion into 
heat, electricity, and chemical motion, and one into 
another, hence either the transformation of attraction 
into repulsion (mechanical motion into heat, electricity, 
chemical decomposition) (the transformation is' the 
conversion of the original, lifting mecl^anical motion 
into heat, not of the falling motion, which is only the 
semblance). 

(4) All energy now active on the earth is transformed' 
heat from the sun.i 

How little Comte can have been the author of his 
cncycloptedic arrangement of the natural sciences, which 
' he copied from St. Simon, is already evident ttomAho 
fact that it only serves him for the purppse of arranging 
ihe meam of instruction and course of instruction, and so 
leads to the crazy ensdgnement integral, where one 
science is always exhausted ’before another is even 
brbached, pushing a basically correct idea to a mathe- 
, matical absurdity. 

Physiography. — ^After the transition from chemistry 
to life has been made, then in the first place it is necessary 
to analyse the conditions in which life has been produced 
and continues to exist, i.e. first of all geology, meteor- 
ology, and so on. Then the various forms of life them- 
selves, which indeed without this are incomprehensible. 

A’ new epoch begins iif chemistry with atomistics 
(hence Dalton, not Lavoisier, is the father of modern 
chemistry), and coixespondingly in physics Vith the 
molecular theory (in a different form, but essentially 

^ This is nearly but not quite true. The enei^gy of the tides is trans- 
fonned relative motion of the eart;|i and moon. That of volcanoes is iii 
part derived from nif^kk*activlty« 
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representing only the other side of this process, with the 
diseo-^ery of the transformation of the forms of motion). 
The new atomistics distinguishes itself from all previous 
to .it by the fact that it does not maintain (idiots excepted) 
that matter is rnerely discrete, but that the discrete 
parts at various stages (ether atoms, chemical atoms, 
masses, stellar bodies) are various nodal points ^ which 
determine th^ various quaUtative modes of existence of 
matter in general — down to weightlessness and re- 
pulsion. 

Hegel constructed his theory of light and colour out of 
pure thought, and in so doing fell into the grossest 
empiricism of homebred philistine experience (although 
with a certain justification, since this point had not been 
cleared up, at that time), e.g. where he adduced against* 
Newton the mixtures of colours used by painters, p, 814, 
below. 

Staiic and Dynamic Electricity . — Static or frictional 
electricity is the subjection to stress of the electricity 
occurring in natime, already existing in the firm of^ 
electricity but in an equilibrated, neutral state. Hence 
the removal of this stress — ^if and in so far as the 
electricity can be propagated by conduction — ^also 
occurs at one stroke, by a spark, Vlnch re-establishes 
the neutral .state. 

<• Dynamic or voltaic electricity, .on the other hand, is 
electricity produced by the conversion of’ chemical 
motion into electricity. Under certain definite condi- 
tions, ij is produced by the Solution of zinc, copper, etc. 
Here the stress is not acute, but chronic. At every 
moment ’new positive and negative electricity is pro- 

> This again has been ftilly bon>e out by modem developments. 
The atom il a unit for the purposes of ordhiary ohei^try, but if we 
employ forces 'on an altogether different scale of magnitude from those 
iis(h 1 ill chemistry, we can break up atoms or put<hcnv together. 
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duced from another form of motion, and not already 
existing ± electricity s^^arated into + and — . The 
process is a continuous one, and thus too its result, the 
electricity, does not take the form of instantaneous 
stress and discharge, but of a continuous current which 
can be reconverted at the poles into the chemical motion^ 
from which it arose. This process is termed electrolysis. 
In this process, as well as in the productipn of electricity 
by chemical decomposition (in which electricity is 
liberated instead of heat, and in fact as much electricity, 
as under other circumstances is set free as heat. Grove,* 
p. 210), the current can be traced in the liquid (exchange 
of atoms in adjacent molecules — ^this is the current).* 
This electricity, being of the nature of a current, for 
that very reason cannot be directly converted into static 
electricity. By means of induction, however, net2tral 
electricity already existing as such can be de-ncutralised. 
In the nature of things the induced electricity has. to 
follow that which induces it, and therefore must like- 
wise be of a flowing character. On the other hand, this 
obviously gives the possibility of condensing the ciurent 
and of converting it into static elecixicity, or rather into 
a higher form that combines the property of a currexft 
with that of stress. This is solved by Ruhmkor^’s 
machme.. It provides an inductional electricity .'^^Whfeh 
Sehieves this result. ‘ , 

While Coulomb speaks of “ •particles of electricitgr, 
which' repel each other inversely as the square of their* 
distance/’ Thomson calmly takes this as proved, p. 868.5 
Ditto, p. 866,5 the hypothesis that electricity consists of 
two fluids, positive and negative, whose particles repel 
each other. That electricity in a charged body is 
retained merely by the pressirre of the atmosphere, 

^ See Appendix n, p. 8S4, ’ 

* This sentence Would have te be considerably revised in view of 
recent developmentw * See Appendix II, p. 86^. 
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p. 360.' Faraday put the seat of electricity in the 
opposed poles of the atoms (or molecules, they are still 
much mixed up), and thus for the first time stated that 
electricity is not a fluid but a form of motion, a “ force,” 
p. 878.' What old Thomson cannot get into his head 
at all is that it is precisely the spark that is of a material 
nature ! 

Already, in 1822, Faraday discovered that the 
momentary induced current — ^the first as Avell as the 
second reversed current — “ participates more of the 
cuirent produced by the discharge of the Leyden jar 
than that produced by the voltaic battery” — ^herein 
lay the whole secret, p. 885. 

The spark hsis been the subject of all sorts of cock 
imd bull stories, which are no w known to be special cases 
or'*illusions ; the spark from a positive body is said tS 
be a “ pencil of rays, brush, O'r cone,” the point of which 
is the point of discharge | the negative spark, on the 
other hand, is said to be a “ stor,” p. 869. A short 
spark is said to be always white, a long one usually 
reddish or violet coloured (wonderful nonsense of 
Faraday on the spark, p. 400),.' The spark, drawn from 
*the prime conductor by a meta.l sphere is said to be white, 
by the hand — purple, by aqueous moisture — ^red (p. 405).' 
The spark, i,e. light, is said to Jje “ not ' inhfrent^in 
electricity but merely the re.su.lt of the compression* of 
the air. That air is violently and suddenly compressed 
when an electric spark pushes through it ” i§ proved by 
the experiment of Kinnersley in .Philadelphia, according 
to which the spark produces ‘ ' a sudden rarefaction 
the ' air in the tube," and drivtes the water into the 
tube, p.^07. In Germany, 30 ye^ars ago, Winterl and 
others believed that the sparli:, or electric light, 
was of, the same nature as. fire and arises by the 
•union of two electricitieSj Against which Thomson 

■ ‘ Ste Appendix ’ll, pp. 8OSI86O. 
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seriously proves that the point where the two electri- 
cities meet is precisely the poorest in light, anA that 
it is two-thirds from the positive and one-third firom the 
negative end ! (pp. 409-10).i That fire is here still 
something quite rnythiccU is obvious. 

With the same seriousness is reported the experiment 
of Dessaignes, according to which, with a rising baro- 
meter and falling temperature, glass,, resin, silk, etc., 
become negatively electrified on being plunged into 
mercury, but positively electrified if the barometer is 
falling and the temperature rising, ^d in summer ialways 
become positive in impure, and always negative in pure, 
mercury, that in summer gold and various other metals 
become positive on warming and negative on cooling, 
the reverse being the case in winter, that they are highly 
“Metric with a high barometer and northerly w®d, 
positive if the temperaturfi is rising, negative if falling, 
etc,, p. 416.2 

How matters stood in regard to heal : “-in order to 
produce thermo-electric esffects, it is not necessary to 
apply heat. Anything alters the temperature in 

one part of the chain alsio occasions a deviation in the 
declination of the magnet.” For instance, the cooling 
of a metal by ice or evaporation of ether ! p. 419.* 

The ^lectro-chemical theory, p. 488,* accepted as “ at 
least very ingenious and. plausible.” 

Fabroni and Wollasbon had already long ago, and 
Faraday recently, asserted that voltaic electricity w^ 
the simple consequerice of chemical processes, and 
Faraday had even giv en thje correct explanation of the 
shifting of atoms takin g place in the liquid, and established 
that the quantity of electricity was to be measured by 
the qujintity of the e lectrolytic product. 

With the help of F aradaiy he arrives at the law: “that 

' See Appendix U, p . 8««. . r 'See Appendix II. p. 307. 

^ », *. See Appendix^I, , p. 368. 
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every atom must be naturally surrounded by the same 
quantity of electricity, so that in this respect heat and 
electricity resemble each other ” ! 

Electricity. — In regard to Thomson’s cock and bull 
stories, cf. Hegel,' pp. 346-7, where there is exactly the 
same thing. On the other hand, Hegel already com 
ceives frictional electricity quite clearly as stress, in 
contrast to tfie fluid theory and the electrical matter 
theory, p. 847. 

Hegel’s division (the original one) into mechanics, 
chemics, and organics, fully adequate for the time. 
Mechanics : the movement of masses. Chemistry : 
molecular motion (for physics is also included in this 
• anjj indeed, both belong to the same order) and atomic* 
motion. Organics : the motion of bodies in which the 
two are inseparable. For the organism is certainly the 
higher unity which within itself unites mechanics, physics, 
and chemistry into a whole where the trinity can no longer 
be separated. In the organism, mechanical motion is 
effected directly by physical and chemical change, in. 
Jthe form of nutrition, respiration, seeretion, etc., jusl 
as much as pure muscular movement. 

Each group in turn is two-fold. Mechanics : 
(1) stellar, (2) tcrre,strial. Moleftular motion: (i) 
physics, (2) chemistry. Organics: (1) plants, (2) 
animals. 

Electrochemistry . — In describing the effect of the 
electric spark in eheniieal cTecomposition and synthesis, 
Wiedemann ' declares that this is more the concern of 
chemistry. In the same case the, chemists declare that 
it is rather a nmtter which concerns physics. Thus 
ul the point of eontaet of molecular and atomic 
‘ S<T A]>i>cihITx n, p. 
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science, both declare themselves incompetent, while it 
is precisely ai this point that the biggest results are to be 
expected.^ 


How ancient, convenient methods, ^adapted to pre- 
viously customary practice, become transferred to 
other branches and there arc a hindrance : in chemistry,- 
the calculation of composition in percentages, which was 
the most suitable method of all for making it impossible 
to discover the laws of constant proportion and multiple 
proportion in combination, and indeed did make them 
undiscoverable fpr long enough.^ 

' This is ail example of the extreme power of the dialectical method. 
It was just the study of clccirioally charged atoms and molecules 
which led to the discovery of the electron and ojf atomic structure, 
r 2 the relation between carbon monoxide and carbon dioxide is 
obscure when we say that the first contains 42‘D per cent, carbon Qnd 
57*1 per cent. oxygcn» the second 27*3 per cent, carbon, and 72*7 per 
cent, oxygen. It is clear when m^c say that the first contains 1 part of 
carbon to 1*33 of oxygen, and the second 1 of carbon to 2*67 of oxygen. 
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(1) Historical introduction : the metaphysical out- 
look has become impossible in natural science owing to 
the very development of the latter. 

(2) Course of the theoretical^devclopineut in Germany 
since Hegel (old preface). The return to dialectics 
takes place unconsciously, hcncc contradictory and slow. 

(3) Dialectics as the science of the total connections. 
Main laws : transformations of quantity and quality — 
mutual penetration of polar opposites and transfornja- 
tion into each other when driven to extremes — develop- 
ment by contradiction or negation of the negation — 
spiral form of development. 

. (4) The inter-connection of the sciences. Mathc- 
,mStics, mechanics, physics, chemistry, biology (Comtc| 
St. Simon, and Hegel. 

(5) Surveys of the separate sciences and their dia- 
lectical content ; 

1. Mathematics : dialectical aids and expressions — 

mathematical infinite really occurring. 

2. Celestial mechanics — ^now merged into a process'. 

— ^Mechanics : point of departure was inertia, 
which is only the negative expression of the 
indestructibility of motion. • • 

8. Physics — passage of the molecular motions into 
one another. Clausius and Loschmidt. 

4. Chemistry : theories, energy. • 

5. Biology. Darwinism. Necessity and chance. 

6. The limits of knowledge. Dubpis-Rcymond and 

Nageli — ^Helmholtz, Kant, Hume, 

7. The mechanistic theory — Haeckel. 

3. The plastidule * soul — ^Haeckel and Nageli. 

^ The pfastidule was a primitive living unit smaller than the ceil 
postuUted by Haeckel, on rather#inadcquate grounds, more or less 
• anticipating the gene. It was supposed to hav| a soul. 
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9. Science and teaching > — Virchow. 

10. The cell state — ^VirChow. 

11. Darwinian politics and theory of society — ^Haeckel 

and Schmidt. Differentiation of human beings 
through labour. Application of economics to 
natural science. . Helmholtz’s “ Work “ (Popular 
Lectures II). 

' Engels refers here to the pamphlet by Virchow, Die Freiheit der 
Wissenschaft im modernm Stoat [The Freedom of Science in the Modern 
Siaie]s published in Berlin, 1877, and Ha^ckers reply, Freie Wiasen* 
schaft und freie Lehre [Free Science and Free Teaching], 
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TIDAL FRICTION, KANT AND THOMSON- 
TAIT ON THE ROTATION OF THE 
EARTH AND LUNAR ATTRACTION. 

Thomson and Tait, Nati 'Philos., I, p. 191 (paragraph 
276): 

“.There arc also indirect resistances, owing to 
friction impeding the tidal motions, on all bodies 
which, like the earth, have portiosis of their free 
surfaces covered by liquid, which, as long as these 
bodies move relatively to neighbouring bodies, musfr 
keep drawuig off energy from their relative motions. 
Thus, if' we consider, in the first place, the action of 
the moon alone, on the earth with its oceans, lakes, 
and rivers, we perceive that it must tend to equalise 
the periods of the earth’s rotation about its axis, 

’ and of the revolution of the two bodies about their 
centre of inertia ; because as long as these periods, 
differ, the tidal action of the earth’s surface must keep 
subtracting energy from their motions. To view the 
subject more in detail, and, at the same timiC, to avoid 
unnecessary complications, let us suppose th« nioqjv 
to be a uniform spherical body, the mutual action and 
reaction of gravitation between her ma«s and the 
earth’s will be equivalent to a single force hi some line 
through her centre ; and must be such as to impede the 
earth’s rotation as long as tiiis is pejfbrmed in a shorter 
period than the moon’s motion round the earth . It must, 
therefore, lie in some such direction as the line MQ 
in tha diagram , which represents, neoessarily with 
enormous exaggeration, its deviation, OQ, from the 
earth’s centre. Now the actual force on the moon in 
the linft MQ miay be regarded as consisting of a force 
in the line MO towards the earth’g centfe, sensibly 
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equal in amount to the whole force, and a compara- 
tively very small force in the line MT perpendicular 
to MO. This latter is Vfcry nearly tangential to the 
moon’s path, and is in the direction mih her motion. 
Such a force, if suddenly commencing to act, would, 
in the first place, increase the moon’s velocity ; but 
after a certain time she would have moved so much 
farther from the earth, in virtue of this acceleration, 
as to have lost, by moving against the earth’s attrac- 




tion, as much velocity as she had gained by the 
tangential accelerating force. The effect of a con- 
tinued tangential, force, acting with the motion, bulf 
so small in amount as‘to make only a small deviation 
at any moment from the circular form of the orbit, is 
to gradually increase the* distance from the cental 
body, and to cause as niuch again as its own amount of 
work to be done against the attraction of the central 
mass, by the kinetic energy of motion lost. The 
circumstances will be readily understood by con- 
sidering this motion round the central body In a very 
gradual spiral ^th tending outwards. Provided the 
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law of force is the inverse square of the distance, the 
tangential* component of gravity against the motion 
will be twice as great as fhe disturbing tangential 
force in the direction with the motion ; and therefore 
onc-half of the amoimt of work done against the 
former, is done by the latter, and the other half by 
kinetic ener^ taken from the motion. The integral 
effect on the moon’s motion, of the particular dis- 
turbing cause now under consideration, is most easily, 
found by usihg the principle of moments of momenta. 
Thus we see that as much moment of momentum is 
gained in any time by the motions of the centres of 
inertia, of thei moon and .earth relatively to their 
common centre of inertia, as is lost by the earth’s 
rotation about its axis, ^e sum of the moments of 
momentum of the centres of inertia of the moon and 
earth as moving at present, is about 4*45 times the 
pjesent moment of momentum of the earth’s rotation. » 
The average plane of the former is the ecliptic; 
and therefore the axes of the two moments are 
inclined to one another nat the average angle of 28*’ 
27*5', which, as we are neglecting the sun’s in- 
fluence on the plane of the moon’s motion, may be 
taken as the actual inclination of the two axes qt 
present. The resultant, or whole moment of mo- , 
mentum; is therefore 5*38 times that of the earth’s 
present rotation, and its axis is inclined 19° 18' to 
the axis of the earth. Hence the ultimate tendency 
of the tides is to reduce the earth and moon to 
simple uniform rotation with this resultant moment 
round this resultant axis, as if they were two parts 
■^f one rigid body: in which condition the moon’s 
distance would be increased (approximately) in the 
ratio 1 : 1-46, being the ratio of the square of the. 
present moment of momentum of the centres of 
inertia to the square of the- whole moment of 
momentum; and the period of ‘revolution in the 
ratio. 1 : 1*77, being that of the cubes of the same 
quantities. The- distance would therefore be in- 
creased *to 847,100 miles, and the . period lengthened 

to 48*86 days. Were thdie no otter body in the 

•I 
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imiverse but the earth and the moon, these two bodies 
might go on moving, thus for ever, in circular orbits 
roxmd their common cefitre of inertia, and the earth 
roti|.ting about its axis in the same period, so as always 
to turn the same face to the moon, and, therefore, to 
have all the liquids at its surface at rest relatively 
to the solid. But the existence of the sun would 
prevent any such state of things from being permanent. 
There would be solar tides — tw^ce high water and 
twice low water — ^in the period of the darth’s revolu- 
tion relatively to the sun (that is to say, twice in the 
solar day, or, which would be the same thing, the 
month). This could not go on without loss of energy 
by fluid friction. It is not easy to trace the whole 
course of the disturbance in the earth’s and moon’s 
motions which this cause would produce, but its 
ultimate effect must be to bring the earth, moon, and 
r sun to rotate round their common centre of inert|o> 
like parts of one rigid body.” i 

Kant, in 1754, was the first to put forward the view 
that the rotation of the earth is retarded by tidal Motion 
and that this effect will only reach its conclusion “ when 
its .(t£td earth’s) surface will be at relative rest in relation 
to the moon, Le. when it will rotate on its axis in the. 
same period that the moon takes to revolve roun4 the ' 
earth, and consequently will always turn the same side 
to the letter.” He held the view that this retardation 
had its origin in tidal Motion alone, arising, therefore, 
from the presence of fluid masses on the earth : 

r 

“ If the earih were a quite solid niass without any 
fluid, neither the attraction of the sun nor of the 
moon would do anything «to alter its free axial rota- 
tion I for it draws witli equal force both the eastern 
and western parts of the terrestrial sphere and so does 
not cause any inclination either to the one or to the 

* This throry has since been greatly developed, and the nctual rate 
at which tidal fHction is lengthening the day has been approximately 
found. , e 
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(ither side ; consequently it allows the earth full 
freedom to continue this ‘rotation unhindered as if 
there were no external influence on it.” 

Kant could rest content with this result. All scientific 
pre-requisites were lacking at that time for penetrating 
deeper into the effect of the moon on the rotation of the 
earth. Indeed, it required almost a hunc^d years 
before Kant’s theory obtained general recognition, and 
still longer before it was discovered that the ebb and 
flow of the tides arc only the visible aspect of the effect 
exercised by the attraction of the sun and moon on the 
rotation of the earth. 

This more general conception of the matter is just that 
which has been developed by Thomson and Tait. The 
attraction of the moon and sun affects not only th<? 
fluids of the terrestrial body or its surface, but the whole 
mass of the earth in general in a manner that hinders 
the rotation of the earth. As long as the period of the 
earth’s rotation docs not coincide w’ith the period • of 
the moon’s revolution round the earth, so Idnfe the 
attraction of the moon — to deal with this alone first of 
lall — ^has the effect of bringing the two periods closer and 
closer together. If the rotational period of the (rela- 
tive) centtai body were longer than the period of 
revolution of the satellite, tfie former would be graduaMy 
lengthened ; * if it were shorter, as is the case for the 
tairth, it w'ould be slowed down. But neither in the one 
case will kinetic energy be created out of nothing, nor 
in the other will it be annihilated. In the first case, 
the satellite would approach closer to the central body 
and shorten its period of revolution, in the second it 
would increase its distance from it and acquire a longer 
period of revolution. In the first case, the satellite by 
approaching the central l)ody loses exactly as much 

^ A Hlip of the pen ; the word should obviously be ‘'shtirt cited.'* 
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potential energy as the central body gains in kinetic 
energy from the accelerafted rotation ; in the second 
case the satellite, by increasing its distance gains exactly 
the same amount of potential energy as the central 
body loses in kinetic energy of rotation. The total 
amount of dynamic energy,. potential and kinetic, present 
in the earth-moon system remains the same ; the system 
is fully conservative.* 

It is seen that this theory is entirely independent of 
the physico-chemical constitution, of the bodies con- 
cerned. It is derived from the general laws of motion 
of free heavenly bodies, the connection between ’them 
being produced by attraction in proportion to their 
masses and inverse proportion to the square of the 
’distances between them. The theory has obviously 
arisen as a generalisation of Kant’s theory of tidal 
friction, and is even presented here by Thomson and 
Tait as. its substantiation on mathematical lines. But 
in reality — ^and remarkably enough the authors have 
sirpply no inkling of this — ^in reality it excludes the 
special case of .tidal friction. 

Friction is hindrance to the motion of mass, and foir 
centuries it was regarded as the destruction of sueh 
motion, and therefore of kinetic energy. We now know 

I" . 

^ There can be no doubt that Engels was right when he pointed out 
Thomson and Tait's error in saying that the changes in the length of 
the day and month could not go on without loss of energy by fluiCi 
friction.” We now know that there are tides in the earth as well as in 
the ocean. But Engels was wrong in supposing that the moon could 
move away from the earth without loss of energy. For in a system 
such as the earth and moon the^* angular momentum (moment of 
momentum) remains constant unless it is diminished or increased by the 
tidal action of some external body. If both momentum and energy are 
conserved no systematic slowing down can occur. This is readily seen 
in the simplified case where the moon is supposed to go round in a circle 
in the plane of the earth's equator. In this case there are only two 
possible variables, the lengths of the day and month. But^so long as 
the moment of momentum and the energy of the system are unchanged 
we have two equations to determine these quantities, and they are 
therefore fixed. 
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that friction and impact are the two forms in which 
Idiietic energy is converted ipto molecular energy, into 
heat. In all friction, therefore, kinetic energy as such 
is lost in order to re-appear, not as potential energy in 
the sense of dynamics, but as molecular motion in the 
definite form of heat. The kinetic energy lost by 
friction is, therefore, in the first place really lost for the 
dyhamic aspects of the system concerned. It can onlys 
become dynamically effective again if it is re-converted 
from the form of heat into kinetic energy. 

How' then 'does the matter stand in the case of tidal 
friction ? It is obvious that here also the whole of the 
kinetic energy communicated to the masses of water 
on the earth’s surface by lunar attraction is converted 
into heat, Avhether by friction of the water particles 
among themselves in virtue of the viscosity of th<? 
water, or by friction at the rigid surface of the earth and 
the comminution of rocks which stand up against the 
tidal motion. Of this heat there is re-converted into 
kinetic energy only the infinitesimally small part that 
contributes to evaporation at tlie surface of the wa^. 
But even tliis infinitesimally small amount of kinetic. 
Cinergy, leaving the total system earth-moon at a part 
of the earth’s surface, remains first of all subject to the 
conditions prevailing at the earth’s surface, and these 
conditions lead to all, energy active there reaching ofle 
and the same final destiny ; final conversion into heat 
i!iid radiation into space. 

Consequently, to the extent that tidal friction in- 
disputably acts in an impeding mamier on the rotation 
of the eartli, the kinetic energy used for this purpose is 
ahsolutclj' lost to the dynamic system cartli-moon. 
It can therefore not re-appear within this system as 
dynamic potential cncrg>'. In other words, of the 
kinetic efiergy expended in impeding the earth’s rotation 
liy means of the attraction bf the mo^n, only that part 
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that acts on the solid mass of the earth’s body can 
entirely re-appear as dynamic potential energy; and 
hence be compensated for by a corresponding increase 
of the distance of the moon. On the other hand, the 
part that acts on the fluid masses of the earth can do so 
only in so far as it does not set these masses themselves 
into a motion opposite in direction to that of the earth’s 
rotationj for such a motion is wholly converted into heat 
and is finally lost to the system by radiation. 

What holds good for tidal friction at the surface of the 
earth is equally valid for the so often hypothetically 
assumed tidal friction' of a supposed fluid nucleus of the 
earth’s interior. 

The most peculiar part of the matter is that Thomson 
and.Tait do not notice that in order to establish the 
tfieory of tidal friction they are putting forward^^a 
theory that proceeds from the tacit assumption that the 
earth is an enHrely rigid body,^ and so exclude any 
possibility of tidal flow and hence also of tidal friction. 

• ' Although Engels formulated his criticism of Thomson and Taft 

incoirehtly, he vras right in a fundamental point. The earth-moon 
system would evolve in such a way as to lengthen the day and month 
even if there were no ocean. For the earth is a solid (fester), body, but 
not a rigid (starrer) body in the sense in which this latter word is used 
in theoretical mechanics, that is to say a body whose shape is unaltered 
hy the forces on it. Of course a rigid body is a mathematical abstrao- 
. tion, like a flat surface. There are no- perfectly rigid bodies nor flat 
Kur&ccs. ^And it has nvf been shown that the solid earth bends 
slightly as the moon's attraction varies. There are solid tides as well 
as liquid tides though much smaller. These act in the same way as the 
tides in the oceait, though much more slowly. 
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THE PART PLAYED BY LABOUR IN THE 
TRAXS,rTION FROM APE TO MAN 

Labour is the source of all wealth, the economists 
assert. It is this — ^next to nature, which supplies it 
with the material that it converts into wealth. But 
it is also infinitely niore than this. It is the primary 
hasie condition for all human existence, and this to such 
an extent that, in a sense, we have to say that labour 
crated man himself. • 

jVIany hundreds of thousands of years ago, during an 
epoch, not yet definitely determined, of that period of 
the earth’s history which geologists call the Tertiary, 
period, most likely towards the end of it, a specially 
highly-developed race of anthropoid apes lived some- 
where in the tropical zone — ^probably on a great continent 
Jthat has now sunk to the bottom of the Indian Ocean.* 
Darw'in has given us an approximate description of these 
ancestors of ours. They were completely covered with 
hair, they had beards and pointed’ears, and, thdy lived 
in bands in the trees. 

• Almost certainly as an immediate consequence of 
their mode of life, for in climbing the hands fulfil quite* 
different functions from the feet, these apes when 
moving on level ground begdn to drop the habit of using 
their hands arid to adopt a more and more erect posture 
in walkifig. ' This was Ike decisive step in ike transition 
from ape to man. 

‘ This iii* rather unlikely. A hniad ridge aeroxi, the Indian Ocean 
has been found in the region indicated, but if it represents a sunken 
<<ontinent, this probably sank hclprc our ane^tors had evolved so 
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All anthropoid apes of the present day can stand erect 
and move about on their feet alone, but only in case of 
need and in a very clumsy way. Their natural gait is in 
a half-erect posture and includes the use of the hands. 
The majority rest the knuckles of the fist on the ground 
and, with legs drawn up, swing the body through their 
long arms, much as a cripple hioves with the aid of 
crutches. In general, we can to-day still observe among 
apes all the transition stages from walking on all fours to 
walking on two legs. But for none of them has the latter , 
method become more than a makeshift. 

For erect gait ampng our hairy ancestors' to have 
become first the rule and in time a necessity pre- 
supposes that in the meantime the hands became more 
and more devoted to other functions.! Even among 
“the apes there already prevails a certain separatioiTin 
the employment of the hands and feet. As already 
mentioned, in climbing the hands are used differently 
from the feet. The former serve primarily for collecting 
and holding food, as already occurs in the use of the 
fose*paws among lower mammals. Many monkeys 
•use their hands to build nests for themselves in the 
trees or eyen, like the chimpanzee, to construct roof)? 
between the branches for protection against the weather. 
With l^heir hands they seize hold of clubs to defend 
themselves' against enemies, or bombard the latter with 
fruits and stones. In captivity, they carry out with 
their hands a number of simple operations copied from 
human beings.2 But it is just here that one sees how 
^cat is the gulf between thje undeveloped hand of even 
the most anthropoid of apes and the human hand that 
has been highly perfected by the labour of hundreds of 
thousands of years. The number and general arrange- 

‘ It has been .sug^jested that this process was speeded^ up by th<‘ 
.dying out of forests in central Asia, so that our ancestors were forced 
to run after their prey. r 

Chimpanxccs can^arry out some operations on their own initiative. 
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ment of the bones and muscles are the same in both ; 
but the hand of the lowest savage can perform hundreds 
of operations that no monkey’s hand can. imitate. 
No simian hand has ever fashioned even the crudest 
stone knife. 

At first, therefore, the operations, for which our 
ancestors gradually learned to adapt their hands during 
the many thousands of years of transition from ape 
to man, could only have been very simple. The lowest 
savages, even those in whom a regression to a more 
animal-like condition, with a simultaneous physical 
degeneration, can be assumed to have occurred, are 
nevertheless far superior to these transitional beings. 
Before the first flint could be fashioned into a knife by 
human hands, a period of time must probably have 
dlRpscd in comparison with which the historical period 
known to us appears insignificant. But the decisive 
step was taken ; the hand became free and could hence- 
forth attain ever greater dexterity and skill, and the 
greater flexibility thus acquired was inherited and 
increased from generation tp generation. ’ * . 

Thus the hand is not only the organ of laboiur, it is also 
* tJie product of labour. Only by labour, by adaptation to 
ever new operations, by inheritance of the resulting 
special development of muscles, ligaments, a^d, over 
longer periods of time, bones as w’cll, and by the c\d;r- 
renewed employment of these inherited improvements 
In new, more and more complicated operations, has the 
human hand attained the high degree of perfection 
that has enabled it to conjure into being the pictjires of 
llaphaci, the statues of Thorwaldsen, the music of 
Paganini. 

But the hand did not exist by itself. It was only one 
member of an entire, highly complex organism. And 
what b*encflted tlie hand, benefited also ' the whole 
body it served ; and this in*two ways.^ 
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In the first place, the body benefited in consequence 
of the law of correlation cf growth, as Darwin ca^ed it. 
According to this law, particular forms of the individual 
parts of an organic being are always bound up with 
certain forms of other parts that apparently have no 
connection with the first. Thus all animals that have 
red blood cells without a cell nucleus, and in which, 
the neck is connected to the first vertebra.by means of a 
double articulation (condyles), also without exception 
possess lacteal glands for suckling their young. Similarly 
cloven hooves in mammals are regularly associated 
with the possession of a multiple stomach for rumination. 
Changes in certain forms involve changes in the form of 
other parts of the body, although we cannot explain 
this connection.* Perfectly white .cats with blue eyes 
'’are always, or almost always, deaf. The gradual 
perfecting of the human hand, and the development that 
keeps pace with it in the adaptation of the feet for erect 
gait, has undoubtedly also, by virtue of such correlation, 
reacted on other parts of the organism. However, 
this action has as yet been much too little investigated 
'for us to be able to do more here than to state the fact 
in general terms. * 

Much more important is the direct, demonstrable 
reactiqn of the development of the hand on the rest of 
tRe organism. As already said, our simian ancestors 
were greganous ; it is obviously impossible to seek the 
derivation of man, the most social of all animals, from 
non-gregarious immediate ancestors. The mastery over 
natune, which begins with tjie development of the hand> 
with labour, widened man’s horizon at every new 
advanee. He was continually discovering new* hitherto 
unknown, properties of natural objects. On the other 

^ The connection can now be explained in a few ousch. ^Thus w'hite 
onions are more susceptible to moulds than the coloured forms, because 
they lack an antiseptic substanoevus well as colouring matter. The 
antiseptic is a necessary stage in building up the pigment. 
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land, the development of labour necessarily helped to 
iring the members of societ}^ closer together by multi- 
dying cases of mutual support, joint activity, and by 
naking clear the advantage of this joint activity to 
lach individual. In short, men in the making arrived 
it the point where they had something to say to one 
mother. The need led to the creation of its organ ; 
;he undevelQjped larynx of the ape- was slowly 
)ut surely transformed by means of gradually increased 
nodulation, and the, organs of the mouth gradually 
earned to pronounce one articulate letter after another. 

Comparison with animals pfoves that this explanation 
jf the origin of language from and in the process of 
labour is the only correct one. The little that even the 
most highly-developed animals need to communicate to 
another can be communicated even without the aid* 
of articulate speech. In a state of nature, no animal 
feels its inability to speak or to understand human 
speech. It is quite different when it has been tamed by 
man. The dog and the horse, by association with man, 
have developed such a good ear for articulate speech 
that they easily learn to understand any language^ 
within the range of their circle of ideas. Moreover 
they have acquired the capacity for feelings, such as 
affection for man, gratitude, etc., which were previously 
foreign to them; Anyone who has Kad much to do wi^h 
such animals will har^y be able to escape the conviction 
that there are plenty of- cases where they now feel their 
inability to speak is a defect, although, unfortunately, 
it can no longer be remedied owing to their vocal 
organs being specialised in a definite direction. How- 
ever, where the organ exists, within certain limits even 
this inability disappears.' The buccal organs of birds 
are of course radically different from those of man, yet 
birds axi the only animals that can leam to speak; 
and it is the bird with tl?e most hWeous voice, the 
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parrot, that speaks best of all. It need not be objected 
that the parrot does not ahderstand what it says. It 
is true that for the sheer pleasure of talking and associat- 
ing with human beings, the parrot will chatter for hours 
at a time, continuing to repeat its whole vocabulary. 
But within the limits of its circle of ideas it can also 
learn to understand what it is saying. Teach a parrot 
swear words in such a way that it gets aqi idea of their 
significance (one of -the great amusements of sailors 
returning from the tropics) ; on teasing it one will 
soon discover that it knows how to use its swear words 
just as correctly as a Beriin costermonger. Similarly 
with begging for titbits. 

First comes labow, after it, and then side by side with 
it, articulate speech — these were the two most essential 
stimuli under the influence of which the brain of fee 
ape gradually changed into that of man, which for 
all its similarity to the former is far larger , and more 
perfect. Hand in hand with the development of the 
brain went the. development of its most inunediatc 
insj;^iim.ents — ^the sense organs. Just as the gradual 
development of speech is inevitaToly accompanied by a 
corresponding refinement of the organ of hearing, so* 
the development of the brain as a whole is ^companied 
by a refinement of all the senses. The eagle sees much 
•faJther 'than man, but the human eye sees considerably 
more in things than does the eye of the eagle. The 
dog has a far keener sense of smell than man, but it doc& 
not distinguish a hundredth part of the odours that for 
man are definite features of different things. i And 
the sense of touch, which the ape hardly possesses 
in its crudest initial form, has been dev.eloped^ side by 
side with the development pf the human hand it.self, 
through the medium of labour. 

1 This is doubtful. A dog cai^not distinguish betwe^en smolls 
wiuch'arc distinct to raen» but the o&iversc is also true. 

A ' 
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The reaction on labour and speech of the development 
of the brain and its attendant senses, of the increas- 
ing clarity of consciousness, power of abstraction and 
of judgement, gave an ever-renewed impulse to 
the further development of both labour and speech. 
This further development did not reach its conclusion 
when man finally became distinct from the monkey, 
but, on the whole, continued to make powerful progress, 
varying in degree and direction among different peoples 
and at different times, and here and there even inter- 
rupted by a local or temporary regression. This further 
development has been strongly urged forward, on the 
one hand, and has been guided along more definite 
directions on the other hand, owing to a new element 
which came into play with the appearance of fully- 
llaBged man, viz. society. * 

Hundreds of thousands of years — of no greater 
significance in the history of the earth than one second 
in the life of man ' — ccrtauily elapsed before human 
society arose out of, a band of tree-climbing monkeys. 
Yet it did finally appear. And ivhat do ire find once 
more as the characteristic difference between the band^ 
'of monkeys and human society ? Labour. ' The ape 
horde was satisfied to browse over the feeding area . 
determined for it by geographical conditions , or .the 
degree of resistance of neighbouring hordes ; it undA- 
took migrations and struggles to win new feeding grotmds, 
Hilt it was incapable of extracting from the %rca which 
supplied it with food more than the region offered in its 
natural state, except, perh,aps, that the horde micon- 
sciously fertilised the soil with. its own excrements. As 

1 A lea<yng authority in this respect, Sir W. Thomson, has calculated 
tlmt liillc more than a hundred mtllion years * could haye elapsed since 
the time when the earth laid cooled sullioiently tor plants and animals 
to l)c able to live on it. [.Vote hy F, JBnge/s.] 

* This .tbne has been greatly extended by the dlscovciy of nuMo- 
aothdty. The oorreot iigure is prof^ably about fifteen hundred million 
years. 



286 , DIALECTICS OE NATtFRE 

soon ais all possible feeding grounds were occupied, 
further increase of the monkey population coiild not 
occur; the number of animals could at best remain 
stationary. But ail animals waste a great deal of food, 
and, in addition, destroy in embryo the next generation 
of the food supply. Unlike the hunter, the wolf does 
not spare the doe which would provide it with young * 
deer in the next year ; the goats in Greece, which graze 
down the young bushes before they can grow up, have 
eaten bare all the mountains of the country. This 
“ predatory economy ” of animals plays- an important ' 
part in the gradual transformation of species by forcing 
them to adapt themselves to other than the usual food, 
thanks to which their blood acquires a different chemical 
composition and the whole physical constitution gradually 
®alters,i while species that were once established die (sat. 
There is no doubt that this predatory economy has 
powerfully contributed to the gradual evolution of 
our ancestors into men. In a race of apes that 
far surpassed all others in intelligence and adaptability, 
thjs 'predatory economy could not help leading to a 
.continual increase in the number of plants used for food 
and to the devouring of more and more edible parts of 
these plants. In short, it led to the food becoming 
more and more varied, hence also the substances entering 
the body, the chemical premises for the transition to 
man. But all that was not yet labour in the proper 
sense of the word. The labour process begins with the 
making of tools. And what arc the most ancient tools 
that we find — ^thc most ancient judging by the heir- 
looms of prehistoric man that have been discovered, 
and by the mode of life of the earliest historical peoples 
and of the m.ost primitive of contemporary savages ? 
They are hunting and fishing implements, th(> former at* 

* It is very (loiibtful whether >jj-(»lutioii wenrs iw n ifsiull of this 
process. 
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the same time serving as weapons. But hunting and 
fishing presuppose the transition from an exclusively 
vegetable diet to the concomitant use of meat> and this 
is an important step in the transition to man. A meal 
diet contains in an almost ready state the most essential 
ingredients required by the organism for its metabolism. 
It shortened the time required, not only for digestion, 
but also for the other vegetative bodily processes 
corresponding ‘to those of plant life, and thus gained 
further time, material, and energy for the active mani- 
• festation of animal life in the proper sense of the word. 
And the further that man in the making became removed 
from the plant kingdom, the higher he rose also over 
animals. Just as becoming accustomed to a plant diet 
side by side with meat has converted wild cats and 
d^s into the servants of man, so also adaptation to a 
flesli diet,' side by side with a vegetable diet, .has con- 
siderably contributed to giving bodily strength and 
independence to man in the making. The most 
essential effect, however, of a flesh diet was on the brain, 
which now received a far richer flow of the materials 
necessary for its nourishment and development, Shd 
which therefore could become more rapidly and perfectly’ 
developed from generation to generation.' With all 
respect to the vegetarians, it has to be recognised that 
roan did not come into existence without a flesh diej, 
and if the latter, among all peoples known to us, has led 
ty cannibalism at some time or another (the forefathers 
of the Berliners, the Wclctabians or Wilzians, used to eat 
•their parents as late as the tenth century), that is of no 
consequence to us to-day. • 

\ meat diet led to two new advances of decisive 
iinportaiiee : to the mastery of fire and the taming .of 

• ' Kiigels' belief ill a meat diet is by no means shared nniveisally 
by stvidenls of biochemistry, ulthuiiftli it nmsl be rewembered that most 
vogotnrianx partake <jf milk or its prodiuM^* 
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animals. The first .still further shortened the digestive 
process, as it provided the^moiith with food already as 
it were seini-digcsted ; the second made meat more 
copious by opening up a new, more regular source of 
supply in addition to hunting, and moreover provided, in 
milk iuid its products, a upw article of food at least 
as valuable as meat in its composition. Thus, both 
these advances became directly new means of emanci- 
pation for man. It would lead us too far "to dwell here 
iii detail on their indirect effects notwithstanding the. 
great importance they have had for the development of 
man and society. 

. .Tust as man learned to consume everything edible, 
he learned also to live in any climate. He spread over 
the whole of the liabitablc world, being the only animal 
that by its very nature had the power to do so. Tjjjjc 
other animals that have become accustomed to all 
climates — domestic animals and vermin — did not 
become so independently, but only in the wake of 
man. ' And the transition from the uniformly hot 
climate of the original home of man to colder regions, 
where the year is divided into summer and winter, 
created new requirements : shelter and clothing as .. 
protection against cold and damp, new' sphetes for 
labour and hence new forms of activity, which further 
.and further separated man from the animal. 

By the co-operation of hands, organs of speech, 
and brain, not only in each individual, but also in society fs 
human beihgs became capable of executing more and 
more complicated operations, and of setting themselves, * 
and achieving, higher and" higher aims. With each 
generation, I labour itself became different, more perfect, 

^ This is probably an exaggeration. A study of stouc-age tcehuiciuc 
suggests •that peric^s of stagnation lasted for scores or hundreds of 
generations. Of course the time occupied by human evolution is 
much longer than Engels (or his scientific contemporories) thought 
possible^ ' 
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more diversified. Agriculture was added to hunting 
and cattle-breeding, then spinning, weaving, metal- 
working, pottery, and navigation. Along with trade 
and industry, there appeared finally art and science. 
From tribes there developed nations and states; Law 
and politics arose, and with them the fantastic reflection 
•of humtn things in the' human mind : religion. In the 
face of all these, creations, which appeared in the first 
place to be products of the mind, and which seemed to 
dominate human society, the more modest productions 
of the working hand retreated into the background, the 
more so since the mind that plans the labour process 
already at a very early stage of development of society 
(e.g. idready in the simply family), was able to have the 
labour that had been planned carried out by other 
han^ than its o'^. All merit for the swift advance 
of civilisation was ascribed to the mind, to the develop- 
ment and activity of the brain. Men became accustomed 
to explain their actions from their thoughts, instead of 
from their needs — (which in any case are reflected arid 
' come to consciousness in the mind)— and so there arose 
in the course of time that idealistic outlook bn the'worlJ 
wMch, especially since the decline of the ancient 
world, has dominated men’s minds. It still rules them 
to such a degree that even the most materialistic natural 
scientists of the Darwinian school are stiU unablb to* 
form any clear idea of the origin of man, because under 
thi^ideological influence they do not recognise the part 
that has been played therein by labour. 

Animals, as already indicated, change external nature 
by their activities just as man* does, if not to the same 
"'extent, and these changes made by them in their environ- 
ment, as w* have seen, in turn react upon and change 
their originators. For in nature nothing takes place in 
isolation. Kverything affects evetf other thing and vice 
verm, and it is usually becausa this many-sided motion 
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and interaction is forgotten that oiur natural scientists 
are prevented from clearly seeing the simplest^ things. 
We have seen how goats have prevented the regeneration 
of forest in Greece ; on the island of St. Helena, goats 
pigs brought - by the first arrivals have succeeded in 
exterminating almost completely the old vegetation of 
the island, and so have prepared the soil for the spreading ■ 
of plants brought by later sailors and. colonists. But if 
animals exert a lasting effect oh their 'environment, it 
happens unintentionally, and, as far as the animals 
themselves are concerned, it is an accident. The 
further men become removed from animals, however, 
the more their effect on nature assumes the character 
of a premeditated, planned action directed towards 
definite ends hnown in advance. The animal destroys 
the vegetation of a locality without realising what it is 
doing. . Man destroys it in order to sow field >crops on 
the soil thus released, or to plant trees or vines which 
he knows will yield many times the amount sonm. He 
transfers useful plants and domestic animals from one 
country to another and thus changes the flora and fauna 
of whble continents. More than this. • Under artificial 
cultivation, both plants and animals, are sp changed by 
the hand of man that they beccone umeeognisablc. 
The wild plants from which our grain varieties originated 
are still being sought in vain.^ The question of the wild 
animal from which our dogs are descended, the dogs 
themselves being so different from one another, or ^ur, 
equally numerous breeds of horses, is still under dispute. 

In any case, of course, we have no intention of 
disputing the ability of animals to act in a planned and 
premeditated fashion. On the contrary, a plmmed mode 
of action exists in embryo wherever protoplesm,* living 
protein, exists and reacts, i.e. carries out definite, even 
if extremely simple, ihovements as a result«iof definite 
* They are homt, in many eases, known with fair certainty. 
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external stimuli. Such reaction takes place even where 
th^re Is as yet no cell at all, 4bx less a nerve cell. The 
manner in which insectivorous plants capture their 
prey appears likewise in a certain respect as a planned 
action, although performed quite unconsciously. In 
animals the capacity for conscious, planned actibn 
develops side by side with the development of the 
nervous syste^i and among mammals it attains quite a 
!high level. While fox-hunting in England, one can daily 
observe how unerringly the fox knows how to make use 
of its excellent , knowledge of the locality in order to 
escape from its pursuers, and how well it knows and 
turns to account all favourable features of the ground 
that cause the scent to be interrupted. Among our 
domestic animals, more highly developed thanks to 
a!«H>ciation with man, every day one can note acts of* 
cunning on exactly the same level as those of children. 
For, just as the developmental history of- the human 
embryo in ,the mother’s womb is only an abbreviated 
repetition of the history, extending over millions of 
years, of the bodily evolution of our animal ancestors, 
beginning from the worm, so the mental development, 
of the human child is only a still more abbreviated 
repetition of the intellectual development of these same 
ancestors, at least of the later ones. But all the planned 
action of all animals has never resulted in inapressiifig 
the stamp of their will upon nature. For that, man was 
required. 

In short, the animal merely uses external nature, and 
brings about changes •in it simply by his presence; 
'man by his changes makes it serve his ends, masters it. 
This is the final, essehtiall distinction between man and 
other ammals, and once again it is labour that brings 
about this distinction. 

Let us^ot, however, flatter ourselves overmuch on 
account of our human cdhquest over nature. For 
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each such conquest takes its revenge on us. Each of 
them, it is true, has in the first place the consequences 
on 'which we counted, but in the second and third • 
places it has quite different, unforeseen effects which 
only too often cancel out the first. The people who, 
in Mesopotamia, Greece, Asia Minor, and elsewhere, 
destroyed the forests to obtain cultivable land, never 
dreamed that they were laying the basis for the present 
devastated condition of these countries, by removing 
along with the forests the collecting- centres and 
reservoirs of moisture. When, on the southern slopes 
of the mountains, the Italians of the Alps used up the 
pine forests so careful!^ cherished on "the northern 
slopes, they had no inkling that by doing so they were 
cutting at .the roots of the da.iry industry in their region ; 
they had still less inkling that they were thereby 
depriving their mountain springs of water for the greater 
part of the -year, with the effect that these would be 
able to pour still more furious flood torrents on the 
plains during the rainy seasons. Those who spread the 
potato in Europe were not aware that they were at the 
same time spreading the disease of scrofula. ^ Thus 
at every step we are reminded that we by no meanur 
rule civer nature like a conqueror over a foreign , people, 
like someone standing outside nature — ^but that , 'we, 
>\^th flbsh, blood, an5 brain, bclpng to nature, and exist 
in its midst, and that all our mastery of it consists in the 
fact- that we have the advantage over all other beings <5f 
tiping able' to know and correctly apply its laws. 

And, in fact, with every day that passes we are learning 
to understand these law'S more correctly, and getting 

1 At the time when Engels wrote it was widely believcd'’in medical 
circles that scrofula (tuberculosis of the neck glands) was due to eating 
potatoes. There is a causal connection in the sense that it is'a disease 
of inadequately fed people, including those who live on a di&t mainly of 
potatoes., ' But there is no real evidence that potatoes, us such, play 
any part in causing it. * 
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to know both the more immediate and the more remote 
consequences of our interference with the traditional 
course of nature. In particular, after the mighty 
advances of natural science in the present century, 
we are more and more getting to know, and hence to 
control, even the more remote natural consequences, 
at least of our more ordinary productive activities. 
But the more^this happens', the more will men ndt only 
feel, but also know, their unity with nature, and thus 
the more impossible will become the senseless and anti- 
natural idea of a contradiction between mind and 
matter, man and nature, soul and body, such as arose 
in Europe after the decline of classic antiquity and which 
obtained its highest elaboration in Christianity. 

But if it has already required the labour of thousands 
of« 9 ^ears for us to learn to some extent to calculate the* 
more remote natural consequences of our actions aiming 
at production, it has been still more difficult in regard 
to the more remote social consequences. of these actions. 
We mentioned the potato and the resulting spread of 
scrofula. But what is. scrofula in comparison witRjthe 
effect on the living conditions of the masses of the. 
people in whole countries resulting from the workers 
being reduced to a potato diet, or in comparison with 
the famine which overtook Ireland in 1847 in consequence 
of the potato disease, and which pit under the earth "a 
mil l ion Irishmen, nourished solely or almost exclusively 
Oil potatoes, and forced the emigration overseas of two 
million more ? When the Arabs learned * to distil 
alcohol, .it never entered their heads that by so doing 
they were creating one of \hc chief weapons for the 
annihilation of the original inhabitants of the still 
undiscovered American continent. And when after- 
wards Columbus discovered America, he did not know 
that by doing so he was giving hew life to slavery, 
which in. Europe had long %go bedi done away with. 
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and laying the basis for the Negro slave traffic. The 
men who in the seventeenth and eighteenth centuries 
laboured to create the steam engine had.no idea that 
they were preparing the instrument which more than 
any other was to revolutionise social conditions through* 
out the world. Especially in Europcj by concentrating, 
wealth in the hands of a minority, the huge majority 
being rendered propertyless, this instrumeitt was destined 
at first to give social and political domination to the 
bourgeoisie, and then, however, to give rise to a class 
struggle between bourgeoisie and proletariat, which 
.can end only in the otherthrow of the bourgeoisie and 
the abolition of all class contradictions. But even in 
this sphere, by long and often cruel experience and by 
collecting and analysing the historical material, we are 
■gradually learning to get a clear view of the indirffit, 
more remote, social effects of our productive a^jtivity, 
and so the possibility is afforded us of mastering and 
controlling these, effects as well. 

To carry out this control requires something more than 
mqttr knowledge. It requires a eomplete revolution in 
pur hitherto existing mod§ of production, and with 
it of our whole contemporary , social order. 

All hitherto existing modes of production have aimed 
merely at achieving the most immediately and directly 
useful ‘effect of labour. The further consequences, 
which only appear later on and become effective through 
gradual repetition and accumulation, were totally 
. neglected.' Primitive communal ownership of land 
corresponded, on the one hand, to a level of develop- 
ment of human beings in wfiich their horizon was 
restricted in general to what lay inimediately at hand, 
and presupposed, on the other hand, a certain surplus of 
available land, allowing a certain latitude for correcting 
any possible bad. results of this primitive foreSt type, of 
economy. When this surplus land was exhausted, 
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communal ownership also decUned. All higher forms 
of production, however, proceeded in their development 
to the division of .the population into different classes 
and thereby to the contradiction of ruling and oppressed 
da^es. But thanks to this, the interest of the ruling 
class became the driving factor of production, in so far 
as the latter was not restricted to the . barest means 
of subsistence of the oppressed people. This has 
been carried through most completely in the capitalist 
mode of production prevailing to-day in Western Europe. 
The individual capitalists, who dominate production 
and exchange, are able to concern themselves only with 
the • most immediate useful effect of their actions. 
Indeed, even this useful effect — ^in as much as it is a 
question of the usefulness of the commodity that is 
produced or exchanged-rretreats right into the back-* 
ground, and the sole incentive becomes the profit to be 
gained on selling. 

The social science of the bourgeoisie, classical political 
economy, is predominantly, occupied only with J;hc 
directly intended social effects of human a’ctions con-^ 
nected with production, and exchange. This fully 
corresponds to the social organisation of which it is the 
theoretical'expression. When mdiyidual capitalists are 
engaged in production and exchange for the sakS of the 
immediate profit, only the nearest, most immediate 
Insults can be taken into account in the first place 
When an individual manufacturer or merch&nt sells a 
manufactured or purchased commodity with only the 
usual small profit, he is satisfied, and he is not conperned 
as to what becomes of the commodity afterwards or 
who are ‘its purchasers. The same thing applies to the 
natural effects of the same actions. .What did the 
Spanish J)lanters in Cuba, who burned down forests 
on the slopes of the mountains and obtained from the 
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ashes sufficient fertiliser for one generation of very Iilighly 
profitable coffee trees, care that the tropical rainfall 
afterwards washed away the now unprotected upper 
stratum of the soil, leaving behind only bare rock ? In 
relation to nature, as to society, the present mode of 
production is predominantly concerned only about the 
first, tangible success ; and then siuprise is expressed 
that the more remote effects of actions directed to this 
end turn out to be of quite a different, mainly even of 
quite an opposite, character ; that the harmony of 
demand and supply becomes transformed into their 
polar opposites, as shown by the course of each ten 
years’ industrial cycle, and of which even Germany has 
experienced a little preliminary in the “ crash ” ; that 
private ownership based, on individual labour necessarily 
*develops into the propertylessness of the workers, wRIle 
*dl wealth becomes more and more concentrated in the 
hands of non- workers ; that „ . .1 

^ The manuscript here breaks off abruptly. 
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NATURAL SCIENCE AND THE SPIRIT 
WORLD I 

The dialectics that has found its way into popular 
consciousness finds expression in the old saying that 
extremes meet. In accordance with this we should 
hardly err in looking for the niost extreme degree of 
fantasy, credulity, ai\d superstition, not in that trend 
of natural science which, like the German philosophy 
of nature, tries to force the objective w’orld into the 
iframework of its subjective thought, but rather in the 
opposite trend, ■which, relying on mere experience, treats 
thought with sovereign disdain and really has gone to 
the furthest extreme in emptiness of thbught. This 
school prevails in England. Its father, the much 
lauded Francis Bacon, already advanced the .demand 
that his new empirical-inductive niethod should be 
pursued to attain by its means, above all, longer life, 
rejuvenation — ^to a certain extent, alteration of stature 
and features, transformation of one body into another, 
the production of new species, pbwer over thh air <and 
tlie production of .storms. He complains that such 
investigatioirs liavc l)een abandoned, and in his natural 
history he actually gives recipes for maldhg gold and 
performing various miraeles. Similarly Isaac Newton 
in his old age greatly bilsied himself withexpounding 
&e revelation of St. John. . So it is not to be wondered 
at if id recent years English empiricism in the person of 
some of its representatives — ^and not the worst of them — 

» From a manuscript of Engels" probably ■written in 1878, and first 
published in the “ Jllwitrierter Nttie Welt'KalenderfUr das Jtdtr IS9S” 

W7 
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should seem to have fallen a hopeless victim to the 
spirit-rapping and spirit-seeing imported from America. 

The first natural scientist belonging here, is the very 
eminent zoologist and botanist, Alfred Russell Wallace, 
the man who simultaneously with Darwin put forward 
the theory of the evolution of species by natural selection. 
In his little work, On Miracles and Modem Spiritutdism, 
London, Burns, 1875, he relates that his first experiences 
in this branch of natural knowledge date from 1844, when 
he attended the lectures of Mr. Spencer Hall on mc.smerism 
and as a result carried out similar experiments on his 
pupils. “ I was. extremely interested in the subject 
and pursued it with ardour.” He not only produced 
magnetic sleep together with the phenomena of articular 
rigidity and local loss of sensation, he also confirmed the 
correctness of Gall’s map of the skull, because on touchinii;, 
any one of GaU’s organs the corresponding activity was 
aroused in the magnetised patient and exhibited by ap- 
propriate and lively gestures. Further, he established 
that his patient, merely by being touched, partook of all 
the sensations of theoperator ; he made him drunk with a 
gla.ss of water as soon as he told him that it was brandy. 
He could make one of the young men so stupid, even in the 
waking condition, that he no longer knew his own , name, 

feat, however, that other schoolmasters arc capable ol’ 
accomplishing without*any mesmerism. And so on. 

Now it happens that I also saw this Mr. Spencer Hall 
in the winter of 1848-4 in Manchester. He was a very 
mediocre charlatan, who travelled the country under 
the patronage of some parsons and undertook magnctico- 
phrenological performances with a young girl in order 
to prove thereby the existence of God, the immortality 
of the soul, and the incorrectness of the mateitalism 
that was being preached at that time by the Owenites 
in all big to\yns-, The lady was sent into a magnetico- 
sleep and then, as soon as the operator touched any part 
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of t lie skuJl corresponding to one of- (Jail’s organs, she 
gave a bountiful display of .theatrical, demonstrative 
gestures and poses representing the activity of the organ 
concerned ; for instance, for the organ of philoprogeni- 
tiveness she fondled and kissed an imaginary baby, etc. 
Moreover, tin* gor)d Mr. Hall had enriched Gall’s geo- 
graphy of the skull with a now island of Barataria : 
right at the Jop of the .skull he had discovered an organ 
of veneration, on touching which his hypnotic miss sank 
on to her knees, folded her hands in prayer, and depicted 
to the astonished, philistine audience an angel wrapt in 
veneration. That was the climax and conclusion of the 
exhibition. The existence of God had been proved. 

. The effect on me and one of my acquaintances was 
exactly the same as on Mr. Wallace ; the phenomena 
fjtterested us and we tried to find out how far 
could reproduce them. A wideawake young boy of 12 
years old offered himself as .subject. Gently gazing 
into his- eyes, or stroking, sent him without difficulty 
into the hypnotic condition. But since we were rathef 
less credulous than Mr. Wallace and set to wort»with 
rather less fervour, we arrived at quite different result*. 
.Vpart from muscular rigidity and loss of sensation, 
which were easy to produce, we found also a state of 
complete passivity of the will bound lip with a,peculiar 
hypersensitivity of .sensation. The patient, wlien 
aroused from his lethargy by any external stimulus, 
•exhibited very much greater liveliness than in the 
waking condition. There was no trace of any mysterious 
relation to the operator:^ anyone else could just as 
easily set the .sleeper into activity. To .set (Jail’s 
eraniaLorgans into action was the least that wc achieved ; 
we went much further, we could not only exchange them 
for one another, or make their seat anywhere in the 
I whole body, but we also fabricated any amount of other 
■ organs, organs of singing, whistling, piping, dancing. 
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boxing, sewing, cobbling, tobacco-smoking, etc., and 
we could make their seat wherever we wanted. Waflace 
made his patients drunk on water, but we discovered 
in the great toe an organ of drunkennc.ss which pnly had 
to be touched in order to cause the finest drunken 
comedy to be enacted. But it must be well understood, 
no organ showed a trace of action until the patient was 
given to understand what was c.xpectcd af him ; the 
boy soon perfected himself by practice to such an extent 
that the merest indication sufficed. The organs pro- 
duced in this way then retained their validity for later 
occasions of putting to sleep, as long as they were not 
altered in the same way. The patient had even a double 
memory, one for the waking state and a second quite 
separate one for the hypnotic condition. As regards the 
pSssivity of the will and its absolute subjection to thP" 
will of a third person, this loses all its miraculous appear- 
ance when we bear in mind that the wliole condition 
began with the subjection of the will of the patient to 
that of the operator, and cannot be restored "without it. 
The most powerful magician of a magnetiser in the world 
will come to the end of his resources as soon as his patient 
laughs, him in the face. 

While we "vv'ith our frivolous scepticism thus found 
that the^ basis of magnctico-phrciiological charlatanry 
lay*in a series of phenomena which for the most part 
differ only in degree from those of the waking state and 
require no, mystical interpretation, Mr. Wallace’s*' 
“ ardour ” led him into a series of self-deceptions, in 
virtue of which he confirmed ^tiall’s map of the skull in 
all its details and noted a mysterious relation between 

operator and patient.* Everywhere in Mr. Wallace’s 

. * 

1 As already said, the patients perfect thclnselvcs l>y praetiw* 

It is therefore quite possible that» when the subjection of the will has 
become habitual, the relation of the participants becomes inorclntimate, 
individual phenomena are intensified and arc reflected weakly even 
in the waking state. [Nbfe by F, FrtgelsJ} 
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account, the sincerity of which reaches the degree of 
naiv4t6, it becomes appajent that he was much less 
concerned in investigating the factual background of 
charlatanry than in reproducing all the phenomena at 
all costs. Only this frame of mind is needed for the 
man who was originally a scientist to be quickly con- 
verted into an “ adept ” by means of simple and facile 
self-deception. Mr. Wallace ended up with faith in 
magnetico-phrenological miracles and so already stood 
•with one foot in the world of spirits. 

He drew the other foot after him in 1865. On 
returning from his twelve years of travel in the tropical 
zone, experiments in table-turning introduced him to 
the society of various “ mediums.” How rapid his 
progress was, and how complete his mastery of the 
«,subjcct, is testified to by the above-mentioned bool^et. 
He expects us to take for good coin not only all the alleged 
miracles of. Home, the brothers Davenport, and other. 
“ mediums ” who all more or less exhibit themselves for 
money and who have for the most part been frequently 
exposed as impostors, but also a whole series of allegedly 
authentic spirit histories from early times? The' 
Pythonesses of the Greek oracle, the witches of the 
Middle Ages, were all “ mediums,” and landblichus i in 
his De divindtione already described -quite accurately 
“ the most astonishing phenomena of modern spiritual- 
ism. 

Just one example to show how lightly Mr. Wallace 
dieals with the scientific cprrobor^ition and authentica- 
tion of these miracles. It is certainly a strong assumption 
that we should believe that the aforesaid spirits should 
allow themselves to be photographed, and we have 
surely the right to demand that such spirit photographs 
should be authenticated in the most indubitable manner 
' befor® we accept them as genuine. Now Mr. Wallace 
See Apf^ndix II, p, 368. 
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recounts on p. 187 that in March, 1872, a leading medium, 
Mrs. Guppy, n^e Nicholls,<>had herself photographed 
together with her husband and small boy at Mr. Hudson’s 
in Netting Hill, and on two different photographs a tall 
female figure, finely draped in white gauze robes, with 
somewhat Eastern features, was to be seen behind her 
in a pose as if giving a benediction, “ Here, then, one 
of two things are absolutely certain.* Either there was 
a living intelligent, but invisible being present, or Mr. 
and Mrs. Guppy, the photographer, and some fourth 
person planned a wicked imposture and have main- 
tained it ever since. Knowing Mr. and Mrs. Guppy 
so well as I do, I feel an absohete eorwiclion that they 
are as incapable of an imposture of this kind as any 
earnest inquirer after truth in the department of natural 
science.” * 

Consequently, either deception or spirit photography. 
Quite so. And, if deception, either the spirit was already 
on the photographic plates, or four persons must have 
been concerned, or three if we leave out as weak-minded 
or dujped old Mr. Guppy who died in January, 1875, 
at the age of 84 (it only needed that he should be sent 
behind the Spanish screen of the background). That a 
photographer could obtain a “ model ” for the spirit 
without difficulty does not need to be arjipied. But the 
photographer Hudson,*shortly afterwards, was publicly 
prosecuted for habitual falsification of spirit photo- 
graphs, so Mr. Waliace remarks in mitigation: “ One' 
thing is dear, if an imposture has occurred, it was at 
once ’detected by spiritualists themselves.” Hence 
there is not much reliance tcTbe placed on the photo- 
grapher. Bemains Mrs. Guppy, and for her there is 

f 

^ Xhe spirit world is superior to grammar* A joker once caused 
the spirit of the grammariau Liudley Murray to testify. To the 
question whether he was there, he answered: are.*' (A^nerican' 

for I am.) The medium was from Americi^* (.Vole by'F, Vi^els.] 

» See Appendix II, p* 869. • ‘ * 
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only the “ absolute eonviction ’? of our friend Wrilacc 
and nothing more. Nothihg more ? Not at all. The 
absolute trustworthiness of Mrs. Guppy is .evidenced 
by her assertion that one evening, early in June, 1871, 
she was carried through the air in a state of unconscious- 
ness from her house in Highbury Hill Park to 69, Lamb’s 
Conduit Street — ^three English miles as the crow flies — 
and deposited in the said house of No. 69 on the table 
in the midst of a spiritualistic stance. The doors of 
the room were closed, and although Mrs. (iuppy was 
one of the stoutest women in London, which is certainly 
saying a good 'deal, nevertheless her sudden incursion 
did not leave behind the slightest hole either in the doors 
or in the coiling. (Reported in the London Echo, 
June 8, 1871.) • And if anyone still does not believe in 
«the genuineness of spirit phbtography, there’s no helping 
him. 

' The second eminent adept among English natural 
scientists is Mr. William Crookes, the discoverer of the 
chemical clement thallium and of the radiometer 
(in Gerinany also called “ LichtmUhle '’’ [lighl-jniU] ). , 
Mr. Crookes began to investigate spiritualistic mani- 
festations about 1871,. and employed for this purpose a 
number of physical and mechanical appliances, spring 
balances, electric batteries, etc. Whether he brought 
to his task the main apparatus* required, a sceptfcally 
critical nmid, or whether he remained to the end in a 
* fit state for working, we shalj see. At any rate, , within 
a not very long period, Mr. Crookes was’just as com- 
pletely captivated as Mr. Wallace. “ For some years,” 
he relates, “a young iSdy, Miss Florence Cook, has 
exhibited remarkable mediumship, which lattaly cul- 
minated in the production of an entire female form 
purporting to be of spiritual origin, and which appeared 
barefobted and in white flowing robes while she lay 
entranced In dark clotWiig and securely bound in a 
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cabinet or adjoining room.” This spirit, which called 
itself Katie, and which looked remarkably like Miss 
Cook, was one evening suddenly seized round the waist, 
by Mr. Volckmann — ^the present husband of Mrs. 
Guppy — ^and held fast in order to see whether it was 
' not indeed Miss Cook in another edition. The spirit 
proved to be a quite sturdy damsel, it defended itself 
vigorously, the onlookers intervened, the gas .was turned 
out, and when, -after some scuiHing, peace was re- 
established and the room re-lit, the spirit had vanished 
and Miss. Cook lay bound and unconscious in her corner. 
Nevertheless, Mr. Volckmann is said to maintain up to 
the present day that he hW seized hold of Miss Cook and 
nobody else. In order to establish this scientifically, 
Mr. Varley, a'well-known electrician, on the occasion of a 
nefir experiment, arranged for the current from a battery*’ 
to flow through the medium, Miss Cook, in such a way " 
that she could not play the. part of the spirit without 
interrupting the current. Nevertheless, the spirit made 
its appearance. It was, therefore, indeed a being 
.different* -from Mss Cook. To establish this ftarther 
was the task of Mr. Crookes. .His first -step was to win’ 
the confidence of the.spjritualistic lady. This confidence, 
•so he says .himself in the Spirij^ualist, June . 5, 1874, 
increasei^ gradually to such an extent that she refused 
to git^e a stance unless I made the arrangements. She 
said that she always wanted me to be near her and in 
the neighbourhood of the cabinet ; I found that — 
when this coiifl<^ence had been established and she was 
sure that 1 would not break any promise made to her — ^the 
phenomena increased considerably in strength and there 
was freely forthcoming evidence that would have been 
unobtainable in any pther way. She frequently con- 
sulted me ih regard to the persons present at the seances- 
and the . places to be ^ven'them, for she had recently 
become very nervous as a 'result of certain ill-advised 
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suggestions that, besides other more scientific methods 
of investigation, /orce also should be applied.” 

The spirit Ikdy rewarded this confidence, which was as 
kind as it was scientific, in the highest measure. She 
even made her appearance— which can no longer 
surprise us— in Mr. Crookes’ house, played with 
his children and told them “ anecdotes from her adven-' 
tures in India,” treated Mr. Crookes to an account of 
“ some of the bitter experiences of h,er past life,” allowed 
,‘him to take her by the arm so that he could convince 
' himself of her evident materiality, allowed him to take 
her pulse and count the number of her respirations per 
minute, and finally allowed herself to be jAotographed 
next to Mr, Crookes. “ This figure,” says Mr. Wallace, 

, “ after she had been seen, touched, .photographed, and ■ 
conversed wth, vanished absolutely out of a smdl room ' 
from which there- was no other 6xit than an adjoining 
I room filled -with spectators” — ^which was not such a- 
I great feat, provided that the spectators -were polite 
enough to show as much faith in Mr. Crookes., in 
whose house this happened, as Mr. Crookes did* in 
the spirit. 

Unfortunately these “ fully authenticated phenomena ” 
are not immediately credible even for spiritualists. 
We saw above how the very spir^ualistic Mr. Wolck- 
mann permitted himself to make a very material grafi. 
And now a clergyman, a member of the committee of 
tSe “ British National Association of Spiritualists,”^^ 
has also been present at a sdance with Miss Cook, and he 
established the fact -withouj difficulty that the* room 
through the door; of which the spirit came and dis- 
appeared. communicated with the outef world by a 
second door. The behaviour of Mr. Crookes, who was 
also preset, gave “ the final death blow to my belief 
that there might be something in the manifestations.” 
{Mystic Tlondm, by the Rev.^SC’. Maurice Davio.s, London, 
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Tinsley Brothers)^’ And, over and above that, it eanic 
to light in America how “ Katies ” were “ materialised.” 
A married couple named Holmes held stances in Phila- 
delphia in which likewise a “ Katie ” appeared and 
received bountiful presents from the believers. How- 
ever, one sceptic refused to rest until he got on the track 
of the said Katie, who, anyway, had already gone on 
strike once because of lack of pay ; he discovered her in a 
boarding-house as a young lady of unquestionable 
flesh and bone, and in possession of all the presents that , 
had been given to the spirit. 

Meanwhile the Continent also had its scientific spirit: 
seers. A seientific association at St. Petersburg — 
do not. know exactly whether the University or even the 
Academy itself — charged the ' Cotmcillor of State, 

“Aksakov, and the chemist, Butlerov, to examine *Che 
basis of the spiritualistic phenomena, ' but it does not 
seem that very much' came of this. On the other hand 
— ^if the noisy announcements of the spiritualists are to 
be believed— Germany has now also put forward its 
mail in the person of Professor Zollner in Leipzig. 

•• For years, as is well known, Herr Zdllner has been 
hard at. work on the “ fourth dimension ” of space, and 
has discovered that many things that are imfiossible in a 
s^ace pf three dime:^ons, are a simple matter of course 
in*a space of fovn dimensions. Thus, in the latter kind 
of space, a closed metal sphere can be turned inside out 
like a glove, without making a hole in it t similarly^a 
knot Can be tied in sun endless string or one which hsis 
both ends fastened, and two separate clos^ rings esun be 
interlinked without opening either of them, and many 
more such feats. According to the recent triumphant 
reports from the spirit world, it is said now that Pro- 
fessor Zdllner has addressed himself to one or more 
mediums, in order with their aid to determine more 

' .Sec Appendix H, p, JffO. 
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details of the locality of the fourth dimension. The 
success is said to have been surprising. After the 
.session the arm of the chair, on which he rested his arm 
while his hand never left the table, was found to have 
become interlocked with his arm, a string that had both 
ends sealed to the table was found tied into four knots, 
and so on. In short, all the miracles of the fourth 
dimension are. said to have been performed by the 
spirits with the utmost ease. It must be borne in mind : 

^ reUUa refero, I do not vouch for the correctness of the 
' spirit bulletin, and if it should contain any inaccuracy, 
Herr Zollner ought to be thankful that I am giving him 
the opportunity to make a correction. If, however, it 
reproduces the experiences of Herr Zollner without 
falsification, then it obviously signifies a new era both 
in4he science of spiritualism and that of mathematics.® 
The spirits prove the existence of the fourth dim ension, 
just as the fourth dimension vouches for the existence 
of spirits. And this once established, an entirely new, 
immeasurable field is opened to science. All previous 
matheimatics and natural science will be only a* pre- 
paratory school for the mathematics of the fourth and, 
still higher dimensions, and for the mechanics, physics, 
chemistry, and physiology of the spirits dwelling in 
these higher dimensions. Has not Mr. Crookes scienti- 
fically determined how much weight is lost by* tables 
and other articles of furniture oh their passage into the 
fourth dimension — as we may now well be permitted 
to call it — and does not Mr. Wallace declare* it proven 
that fire thore.does no harm to the human body ? And 
now we have even the physiology of the spirit bodies ! 
They breathe, they have a pulse, therefore lungs, heart, 
and a circulatory apparatus, and in consequence are 
at least as admirably equipped as our own in regard to 
the other Ijodily organs. .For breathing requites carbo- 
hydrates which undergo combustion in the Itmgs, and 
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these carbohydrates can only be. supplied jfrom without ; 
hence, stomach, intestines, and their accessories — and 
if we have once established so much, the rest follows 
without difficulty. The existence of such organs, 
however, implies the possibility of their falling a prey to 
disease, hence it may still come' to pass that Herr 
Virchow will have to compile a cellular pathology of 
the spirit world. And since most of these spirits are 
very handsome yo\mg ladies, who are not to be dis- 
tinguished in any respect whatsoever from terrestrial 
damsels, other than by their supra-mundane beauty,' 
it could not be very long before they come into contact 
with “ men who feel the passion of love ” ; and since, 
as established by Mr. Crookes from the beat of the pulse, 
“ the female heart is not absent,” natural selection also 
has opened before it the prospect of a fourth dimension, 
one in which it has no longer any need to fear of being 
confused with wicked social-democracy. 


^^j'nough. Here it becomes palpably evident which is 
. the most certain path from natural science to mysticism. 
It is not the extravagant theorising of the philosophy of 
nature, but the shallowest empiricism that .spurns all 
theory and distrusts all thought. It is not a priori 
necessity that proATes the existence of spirits, but the 
empirical observations of Messrs. Wallace, „ Crookes, 
and Co. If we trust the spectrum-analysis observations 
of Crookes, which led to the discovery of the metal 
thallium, or the rich zoological discoveries of Wallace in 
the Malay Archipdago, wtf are askhd to place the same 
trust in the spiritualistic experiences and discoveries of 
the.se two scientists. And if we express the. opinion 
that, after all, there is a little difference between the 
two, namely, that we can verify the one but not the 
other, then the spirit-semr» retort that this is not the 
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case, and that they are" ready to give us the opportunity 
of verifying ulso the spirit phenomena. 

Indeed, dialectics cannot be despised with impunity. 
However great orie’s contempt for all theoretical thought, 
nevertheless one cannot bring two natural facts into 
relation with one another, or understand the connection 
existing between them, without theoretical thought. 
The only question is whether one’s thinking is correct or 
not, and contempt of theory is evidently the most certain 
, way to think naturalistically, and therefore incorrectly. 

* But, according to an old and well-known dialectical 
law, incorrect thinking, carried to its logical conclusion, 
inevitably arrives at the opposite of its point of departure. 
Hence, the empirical contempt of dialectics on the part of 
some of the most sober empiricists is punished by their 
being led into the most barren of all superstitions, into* 
modem spiritualism. 

It is the same with mathematics. The ordinary, 
metaphysical mathematicians boast with enormous 
pride of the absolute irrefutability of the results of their 
science. But these results include also imaginary 
magnitudes, which thereby acquire a certain reality.^ 
When one has once become accustomed to ascribe some 
kind of reality outside of our minds to the 

fourth <hmension, then it is not a matter of’ much 
importance if one goes a step further and also Mcepts 
the spirit world of the mediums. It is as Ketteler -said 
about Dollinger i : “ The man has defended so much 
nonsense in his life, he really could have accepted infalli-. 
bility into the bargain I ” 

In fact, mere empiricism fs incapable of refuting the 
spiritualists. In the first place, the “ higher ” 
.phenomena always show themselves only when* the 
“ investigator ” concerned is already so far m the toils 

^ A ciitlioiic scholar who did not accept the dognm of papal ihfalii* 
bility. * 
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that he now only sees what he is meant to see or wants to 
see — ^as Crookes hunself describes with such iniinitable 
naiv^t^. In the -second place, however, the spiritualist 
cares nothing that hundreds of alleged facts are exposed 
as imposture and dozens of alleged mediums as ordinary 
tricksters. As long as every single alleged miracle lias 
not been explained away, they have still room enough 
to carry on, as indeed Wallace says clearly enough in 
connection with the falsified spirit photographs. The 
existence of falsifications proves the genuineness of the 
genuine ones. 

And so empiricism finds itself compelled to refute the 
importunate spirit-seers not by means of empirical 
experiments, but by theoretical considerations, and to 
say, with Huxley* : “ The only good that I can see in 
•the demonstration of the truth of ^ spiritualism ’ is»to 
furnish an additional argument against suicide. Better 
live a crossing-sweeper than die and be made to talk 
twaddle by a ‘ medium ’ hired at a guinea a stance ! ” 

^ See Appendix II, p. 870, 
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NOTES TO “ANTI-DUHEING” 

The foUowtng notes were written by Engels towards the end 
of 1877 and beginning of 1878, after the publication in separate 
form of the first sedion {Philosophy) of “ Anti-Diihring,” 
,to the pages of which he refers at the beginning of each note. 
In vietv of their great intrinsic importance and their close 
connection with the subjects dealt with in Dialectics of Nature, 
they are included here a>s an appendix, 

(a) Ox THE Prototypes of Mathematical ‘‘Ixfixity” 
A THE Real World. ® 

Ee pp, 17-18: Concordance of thought and "being — 
Mathematical infinity. 

The fact that our subjective thought and the objective* 
world are subject to the same laws, and that consecjuently 
too in the final analysis they cannot be in contradici^ion to 
one another in their results, but must coincide, governs 
absolutely our whole- theoretical thought. It is the un- 
conscious and unconditional premise for theoretical thought. 
Eighteenth century materialism-, owing to its essentially 
metaphysical character, investigated this premise only as 
regards content. It restricted itself to the proof that the 
content of all thought and knowledge ihust derive from 
sensuous experience, and revived the principle,: nihil est in 
intellectu, quod nonfuerii in sensu^ It was modern idealistic, 
but at the same time dialectical, philosoi)hy, and especially 
Hegci, which for the first tinSe investigated it also as regards 
form.. In spite pf all the innunderable arbitrary constructions 
and fantasies that we encounter here, in spite of the idealist, 
topsy-turvy, form of its result — the unity of thought and 
being— it is undeniable that this philosophy proved the 
analogy of the processes of thought to those of nature and 
history and vice versa ^ and ^he validity of similar laws for 

m 
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all these processes, in numerous cases and in the most' 
diverse fields. On the other hand, modem natural science 
has extended "the principle of the origin of all thought 
content from experience in a way that breaks down its old^ 
metaphysical limitation and formulation.. By recognising 
the inheritance of acquired characters, it extends the subject 
of experience from the individual to the genus ; the single 
individual that must have experienced is no longer necessary, 
its individual experience can be replaced to a ^rtain extent 
by the results of the eiperiences of a number of its ancestors,. 
If, for instance, among us the mathematical axioms seem 
self-evident to every eight-year-old child, and in no need 
of proof from experience, this is solely the result of “ accu-^ 
mutated inheritance.” It would be difficult to teach them 
by a proof to a.bushman or Australian negro. 

In the present work dialectics is conceived as the science 
of the most general laws of oU motion. Therein is included 
that their laws mucit be equally valid for motion in natu|>e 
and human history and for the motion of thought. Such 
a law can be recognised in two of these three spheres, indeed 
even in all three, without the metaphysical philistine being 
clearly aware that it is one and the same law that he has come 
to know. 

Let us take an example. Of all theoretical advances 
there is surely none that ranks so high as a triumph of the 
human mind as the discovery of the infinitesimal calculus 
in the last half of the seventeenth century. If anywhere, 
it is here that we have a pure and exclusive feat of human 
int^gence. The mystery which even to-day surrounds 
the magnitudes employed in the infinitesimal calculus, the 
differentials and infinites of various degree, is the best proof 
that it is still imagined that what are dealt with here are^ 
pure ** free creations and imaginings ” of the human mind, 
to which there is nothing corresponding in the objective 
world. ’Yet the contrary is th^ case. Nature offers proto- 
types for aU these imaginary magnitudes. 

Oiir geometry has, as its starting point, space relations, 
and our anthmetic and algebra numerical magnitudes, 
which correspond to our terrestrial condition^ which 
therefore correspond to the magnitude of bodies that 
mechanics terms masses — ^masses sucli as occur on earth and 
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are moved by men. In comparison to these masses, the 
mass*of the earth seems infinitely large and indeed terrestrial 
mechanics treats it as infinitely large. The radius of the 
earth«soo, this is the basic principle of all mechanics in the 
law of falling. But not merely the earth but the whole 
solar system and the distances occijirring in the latter in 
their turn appear infinitely small as soon as we have to deal 
with the distances reckoned in light years in the stellar 
system visible; to us througli the telescope. We have here, 
therefore, already an infinity, not only of the first but of the 
second degree, and we can leave it to the imagination of our 
readers to construct further infinities of a higher degree in 
infinite space, if they feel inclined to do so. 

According to the view prevailing in physics and chemistry 
to-day, however, the terrestrial masses, the bodies with 
which mechanics operates, consists of molecules, of smallest 
particles which cannot be further divided without abolishing 
tile physical and chemical identity of the body concerned. 
According to W. Thomson's calculations, the diameter of 
; the smallest of these molecules cannot be smaller than a 
fifty-millionth of a millimetre. But even if we assume that 
the largest molecule itself attains a diameter of a twenty- 
five-millionth of a millimetre, it still remains an infinitesi- 
mally small magnitude compared with the smallest* mass 
dealt with by mechanics^ physics, or even chemistry. Never- 
theless, it is endowed with all the properties peculiar to the 
mass in question, it can represent' the mass physically and 
chemically, and does actually represent it in all chemical 
equations. In short, it has the sante properties id relation 
to the corresponding mass as the mathematical differential 
^as in relation to its variable. . The only difference is that 
what seems mysterious and inexplicable to us in the case of 
the differential, here seems a matter of course and as it were 

obvious, .,11 

Nature operates with these differentials, the molecules, 
in exactly the same way and according to the saine laws as 
mathematics does with its abstract differentials. 1 bus, 
for instance, the differential of where and 

are neglacted. If we put this in geometrical form, we have 
a cube with sides of length x, the length being increased by 
the infiniteiv small amount dr. Let us suppose that this 
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cube consists of a sublimated element, say sulphur ; and 
that three of the surfaces arq;und one comer are protected, 
the other three being free. Let us now expose this sulphur, 
cube to an atmosphere of sulphur vapour and lower the 
temperature sufficiently ; sulphur will be deposited on the 
three free sides of the cube. We remain quite within the 
ordinary mode of profeedure of physics and chemistry in 
supposing, in order to picture the process in its pure form, 
that in the first place a layer of thickness of a single molecule 
is deposited on each of these three sides. The length a? of the 
sides of the cubes will have increased by the diameter of a 
molecule' <fe. * The content of the cube has increased by. 
the difference between and x^+8x^dx+Sxdx^+dx\ 
where a single molecqle and Sxdx^t three rows of length 
x+dx, consisting merely of lineally arranged molecules, can 
be neglected with the Same justification as in mathematics. 
The result is. the same, the increase in mass of the cube is 

^ . 

Strictly speaking cto® and 8xdx^ do not occur in the case 
of the sulphur molecule, because two or three molecules 
cannot occupy the same space, and the cube’s mcrease of 
bulk is therefore exactly Sx^dx+Sxdx+dx, This is ex- 
plained by the fact that in mathematics dr is a linear 
magnitude, while it is well known that such lines, without 
thickness or breadth, do not occur independently in nature, 
hence also the mathematical abstractions have unrestricted 
validiQ^ only in pure mathematics. And since the latter 
neglect Bxdx^+^, it makes no difference. 

Similai^y in evaporation. When the uppermost molecular 
layfir in a glass of water evaporates, the height of the water 
layer, zr, is decreased by dx, and the continual flight of one 
molecular layer after another is actually a continued‘s 
differentiation. And when the warm vapour is once more 
condensed, to water in a vessel by pressure and cooling, 
and one molecular layer is deposited on another (it is per- 
missible to leave out of account secondary circumstances 
that make the process an impure one) until the vessel is full, 
then literally an integration has been performed which 
differs *from the mathematical one only in that the one is 
consciously carried out by the human brain, while the other 
is unconsciously carried out byqriature. But it is not only 
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in a transition from the liquid to the gaseous state and vice 
versa that processes occur wWch are completely analogous 
to those of the infinitesimal calculus. 

When mass motion, as such, is abolished— by impact— 
and becomes transformed into heat, molecular motion, 
what is it that happens but that tha mass motion is differ- 
entiated ? And when the movements of the molecules of 
steam in the cylinder of the steam engine become j^dded 
together so ttyat they lift the piston by a definite amount, 
so that they become transfonned into mass motion, have 
they not been integrated ? Chemistry dissociates the 
molecules into atoms, magnitudfe of more minute mass and 
spatial extension, but magnitudes of the same order, so 
that the two stand 4n definite, finite relations to one another. 
Hence, all the chemical equations which express the mole- 
cular composition of bodies are in their form differential 
equations. But in reality they are already integrated, in 
the atomic weights which figOre in them. For chemistry 
calculates with differentials, the mutual proportions of their 
magnitudes being known. 

Atoms, however, are in no wise regarded as simple, or in 
general as the smallest known particles of matter. Apart 
from chemistry itself, which is more and more inclining to the 
view that atoms are compound, the majority of physicists 
assert that the luminiferous ether, which transmits light and 
heat radiations, likewise consists of discrete particles, which, 
however, are so small that they have the same relation to 
chemical atoms and physical molecules as these have to 
mechanical masses, that is to say#, as to dcs. Hgre, 
therefore, in the now usual notion of the constitution 'of 
patter, w'c have likewise a differential of the second degree, 
and there is no reason at all why anyone, to wl\om it would 
give satisfaction, should not imagine that analogies of 
etc., also occur in nature. 

Hence, whatever view one biay hold of the constitution of 
matter, this much is certain, that it is divided up into a 
series of big, well-defined groups of a relatively massive 
character in such a way that the members of each separate 
group si^nd to one another in definite finite mass ratios, 
in contrast to which those of the next group stand to them 
in the ratio of the infiiiitely^large Or infinitely small in the 
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mathematical sease. The visible systenr of stars, the solar 
system, terrestrial masses, molecules and atoms, and finally 
ether particle’s, each of them form such a group. It does 
not alter the case that intermediate links can be found 
between the separate groups. Thus, between the masses 
of the solar system and terrestrial masses come the asteroids 
(some of which haver a* diameter no greater than, for 
example, that of the Reuss principality, younger branch), 
meteors, etc. Thus, in the organic world the cell stands 
between terrestrial masses and. molecules* * These inter- 
mediate links prove only that there is no leap in nature, 
precisely because nature is composed entirely of leaps. 

In $6 far as mathematics calculates with real magnitudes, 
it also, employs this mode of outlook ^gvithout hesitation. 
For terrestrial mechanics the mass of the earth is regarded 
as infinitely large, just, as for astronomy terrestrial masses 
and the corresponding masses of meteors, are regarded as 
igifinitely small, and just as the distances and masses of the 
planets of the solar system are reduced to nothing .as soon as 
astronomy investigates the constitution of our system of 
stars extending beyond the nearest fixed stars* As soon, 
however, as the mathematicians withdraw into their im- 
pregnable fortress of abstraction, so-called pure mathematics, 
all th^e analogies are forgotten, infinity becomes something 
totally mysterious, and the-manner in which operations are 
carried out with it in analysis appears as something absolutely 
incomprehensible, contradicting all experience add all 
reason. The stupidities and absurdities by which mathe- 
maticians have rather reused than explained their mode of 
procedure, which remarkably enough always leads to correct 
results, exceed the most pronounced apparent and real 
fantasies* of the Hegelian philosophy of nature, about^ 
which mathematicians and natural scientists can never 
adequately express their horror. What they charge Hegel 
with doing, viz. pushing abstractions to the extreme limit, 
they do themselves on a far greater scale* They forget that 
the whole of so-called pure mathematics is concerned with 
abstractions, that . their magnitudes, taken in^ a strict 
sense, are imaginary, and that all abstractions whep. pushed 
to extremes are transformed into nonsense or into their 
opposite. Mathematic^*! infirfity is taken from reality 
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Although unconsciously, and consequently also* can only be 
explained from reality and not from itself, from mathe* 
matical abstraction. And, as we have seen, ifrwe investigate 
reality in this regard we come also upon the real relations 
from which the mathematical relation of infinity is 
and even the natural analogies of the way in which this 
rdation operates. And thereby tHb matter is explained. 
(Hieokel’s bad reproduction the identity of thinking and 
being.). 'But ^so ihe contradiHion between eontirmous and 
diserete matted, see Hegel. 


(b) On xhe “ Mechanical ” Conception oe Natdee. 

Nate 2. Be page 46 .* TJie various forms of nuMon, and 
the scienees deeding with them. 

• Sihce the above article appeared {Vorw&rts, Feb. 
1877), Kekul6 .(Die wissmschafdichen Ziele und Leistungen 
der Chemie [The Scientific Aims and Achievements of Chemistry] 
has defined mechanics, physics, and chemistiy in a veiy 
similar way : 

“ If this idea of the nature of matter is made the basis, 
one coqld define chemistry as the science of atoifis and 
physics as the science of molecules, and then it would be 
natural to separate that part of modem physics which 
deals with massds as a special science, reserving for it the 
name of mechanics. Thus mechanics appears as the 
basic science of physics and chemistiy, in so afar ^ in 
certain aspects and especially in certain calculations both 
of these have to treat their molecules or atoms as masses.” 

It will be seen that this formulation differs from that 
in the text and in the previous note only by being rather 
less ddinite. But when fm English journal (Nature) < 
translated the above statement of Kekul4 to the effect that 
mechanics is the statics and dynamics of masses^ physics 
the Statics and dynttmics of molecules, and chemistry the 
statics and dynamics of athms, then it seems to me that this 
uhoondttional reduction of even chemical processes to some- 

See quotation fii Appendix II. p. 920. 
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thing merely "mechanical unduly restricts Jbhe field, at least ' 
of chemistry. And yet . it is so much the fashion that^ for 
instance, Haeckel continually uses “mechanical’’ and 
“ monistic ” as having the same meaning, and in his opinion 
“ modem physiology ... in its field allows only of the 
operation of physico-chemical — or in the wider sense, 
mechanical — ^forces.” (fPerigenesis^) 

If I term physics the mechanics of molecules, chemistry 
the physics of atoms, and furthermore biology the chemistry 
of proteins, I wish thereby to express the* transition of 
each of these sciences into the other, hence both the. con- 
nection, - the continuity, and the distinction, the discrete 
separation. To go further and to define chemistry as likewise 
a kind of mechanics seems to me inadmissible. Mechanics — 
in the broader or narrower sense — ^knows only quantities, 
it calculates with velocities and masses, and at most with 
volumes. When the quality of bodies comes across its path, 
as in hydrostatics and aerostatics, it cannot achieve any- 
thlhg without going into molecular states and moleculaf 
motion, it is itself only a mere auxiliary science, the pre- 
requisite for physics- In physics, however, and still more 
in chemistry, not only does continual qualitative change 
take place in consequence of quantitative change, the 
transforniation of quantity into quality, but there are also 
many qualitative changes to be taken into account whose 
dependence on quantitative, change is by no means proven. 
That the present tendency of science goes in this direction 
. can be readily granted, but does not prove that this direction 
is the exclusively correct one, that the pursuit of this tendency 
will ^xhaflst the wholef of physics and chemistry. All 
motion includes mechanical motion, change of place of the 
largest or smallest portions of matter, and the first task of 
science, but only the firsts is to obtain knowledge of this 
motion. But this mechanical motion does not exhaust 
motion as a whole. Motion is not merely change of place, 
in fields higher than mechanics it is also change of quality. 
The discovery that heat ia a molecular motion was epoch- 
making. But if I have nothing more *to §ay of heat than 
that it is a certain displacement of molecules, I should best 
bo silent. Chemistry seems to bo well on the wssy . to 
* See Appendix W, p. 380. 
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explaining a numbfer of chemical and physical properties 
or elements from the ratio of*the atomic volumes to the 
atomic weights. But no chemist would assert that all the 
properties of an clement are exhaustively expressed by its 
position in the Lothar Meyer curve, ^ that it will ever be 
possible by this alone to explain, for instance, the peculiar 
constitution of carbon that makes it tlie essential bearer of 
organic life, or the necessity for phosphorus in the , brain. 
Yet the ‘‘ mechanical ” conception amounts to nothing else. 
It explains all 'change from change of place, all qualitative 
differences from quantitative, and overlooks ' that the , 
relation of quality and quantity is reciprocal, that quality 
can become transformed into quantity just as much as 
quantity into quality, that, in fact, reciprocal action takes 
place. If all differences and changes of quality are to be 
reduced to quantitative differences and changes, to mechani- 
cal displacement, then we inevitably arrive at the proposition 
th^' all matter consists of identical^ smallest particles, and* 
that all qualitative differences of the chemical elements of 
matter are caused by quantitative differences in number and 
by the spatial grouping of those smallest particles to form 
atoms. But we have not got so far yet. 

• It is our modern natural scientists’ lack of acquaintance 
with any other philosophy than the most mediocre viilgsff 
philosophy, like that now rampant in the German universi-. 
ties, which allows them to use expressions like mechanical ” 
in this way, without taking into account, or even suspecting, 
the consequences with which they thereby necessarily burden 
themselves. The theory of the absolute qualitative 4dent]j{y 
of niatter has its supporters — empirically it is equafly 
impossible to refute it or to prove it. But if one asks these 
jftople who want to explain everything “ mechanically ” 
whether they are conscious of this consequence and accept 
the identity of matter, what a variety of answers will be 
heard ! • 

The most comical part about it is that to make “ material- 
ist equivalent to “jnaechanical ” derives from Hegel, 
who wanted to throw contempt on materialism by the 
addition ** mechanical.” Now the materialism criticised 
by Hegel — ^the French materialism of the eighteenth centmy 
‘ In which atomic volumes areV^^t^kgainst atomic weights. 
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— ^was in fact exclusively mechanical^ and indeed for the 
very natural^ reason that at^-that time physics, cheidistry, 
and biology were still in their infancy, and were very far 
from being able to offer the basis for a general outlook 
on nature. Similarly Haeckel takes from Hegel the transla- 
tion : causae 9 —mechanically acting causes, and 

causae j(iwafe«=purpolively acting causes ; where Hegel, 
therefore, puts mechanical as equivalent to blindly acting, 
unconsciously acting, and not as equivalent, to mechanical 
in Haeckel’s sense of the word,i But this whole antithesis 
is for Hegel himself so much a superseded standpoint that lie 
does not even mention it in either of his two accounts of 
causality in his Logic — but only in his History of Philosophy, 
in the place where it comes historically (hence a sheer mis- 
understanding on Heeckel’s part due to superficiality!) 
and quite incidentally in dealing with teleology (Logic, 
III, II, 8) where he mentions it as the form in which the old 
metaphysics conceived the antagonism of mechanism amid 
teleology, but otherwise treating it as a long superseded 
standpoint.^ Hence Hseckel copied incorrectly in his joy 
at finding a confirmation of his “ mechanical conception 
and so arrives at the beautiful result that if a particular 
change is produced in an animal or plant by natural selection* 
it has been effected by a causa efficiens, but if the same 
change arises by artificial selection then it has been effected 
by a causa fifudis ! The breeder as causa finalis f Of course 
a dialectician of Hegel’s calibre could not be caught in the 
vicious circle of the narrow opposition of causa efficiens and 
cay^a finalis. And for the modern standpoint the whole 
hopeless rubbish about this opposition is put an end to 
because we A^nour from experience and from theory that 
both matt^ and its mode of existence, motion, are un- 
creatable and are, therefore, their *own final cause ; while 
to give the name effective causes to the individual causes 
which momentarily and loc&lly become isolated in the 
mutual interaction of the motion of the universe, or which arc 
isolated by our reflecting mind, adds absolutely no new 
determination but only a confusing element. A cause that 
is not effective is no cause. ^ 

N.B. — ^Matter as such is a pure creation of thought and an 
1 ,- See' Appendix 11, p* 880. 
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iibstractiou. \Vc leave out of account tlie qualitative 
difference of things in comprehending them as corporeally 
existing things under the concept matter. Hence matter 
as such, as distinct from definite existing pieces of matter, 
is not anything sensuously existing. - If natural science 
directs its efforts to. seeking out unj^orra matter as such,, 
to reducing qualitative differences th merely quantitative 
differences in combining identical smallest particles, it 
would be doing the same thing as demanding to see fruit as 
such instead ^ cherries, pears, apples, or the mammal as 
such instead of cats, dogs, sheep, etc., gas as such, metal, 

. stone, chemical compound as such, motion as such. The 
’ Darwinian theory demands such a primordial mammal, 
Hseckers pro-mammal, but it, ‘‘ the same time, has to 
admit that if . this pro-mamma untains within itself in 
gmn all future and existing mam...als, it was in reality lower 
in rank than all existing mammals and exceedingly crude, 
heij|Ce more transitory than any of them. As Hegel hai^ 
already shown, Eneyclopa;dia I, p. this view is therefore 
“ a one-sided mathematical standpoint,” according to 
which matter must be looked upon as having only quanti- 
tative deternanation, but, qualitatively, as identical origin- 
ally, “no other standpoint than that” of the French 
materialism of the eighteenth century. It is even a retiVl to 
Pythagoras, who regarded number, quantitative deter^ 
mination as the essence of things. 

In the first place, Kekulc. Then : tlie systematising of 
natural science, which is now becoming more and more 
necessary, cannot be found in any qther way thaa in ttie 
interconnections of phenomena themselves. Thus fiie 
mechanical motion of small masses on any heavenly body 
rtuls in the contact of two bodies, which has two forms, 
distinct from one anotlwr only in degree, vh. Action and 
impact. So we investigate first of all the mechanical effect 
of friction and impact. But we find that they are not 
Hiercby exhausted ; friction produces heat, light, and 
electricity. Impact prod^uccs heat and light if not electricity 
also— hence conversion of njption of ma.sses into molecular 
motion. We cntt*r the realm of molecular motion, physics, 
and invesfigate further. But here too we find that molecular 
1 Set' 11, <1. .‘liM. 
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motion does not represent the conclusiorfof the investigation. 
Electricity passes into and. arises from chemical raiction. 
Heat and light, ditto. Molecular motion becomes trans- 
formed into motion of atoms— chemistry. The investigation 
of chfmi eal processes is confronted by the organic world as 
a field for research, that is to say, a world in which chemical 
processes take plac4 although under different conditions, 
according to the same laws as in the inorganic world, for 
the explanation of which chemistry suffices. ^ In the organic 
world, on the other hand, all chemical investigations lead 
back in the last resort to a body— protein— which, while 
being the result of ordinary chemical processes, is dis- 
tinguished from all others by being a self-acting, permanent 
chemical process. If chemistry succeeds in preparing this 
protein, a so-called protoplasm, with the specific nature 
wliich it obviously had at its origin, a specificity, or rather 
absence of specificity, such that it contains potentially 
•within itself all other foms of protein (though it isyiot 
necessary to assume that there is only one kind of protoplasm), 
then the dialectical transition has also been accomplished 
in reality, hence completely accomplished. Until then, it 
remains a matter of thought, alias of hypothesis. When 
chemistry produces protein, the chemical process will reach 
out.beyond itself, as in the case of the mechanical process 
.above, that is, it will come into a more comprehensive 
realm, that of the organism. Physiology is, of course, the 
chemistry and especially the physics of the living body, but 
frith that it also ceases to be specially chemistry, on the one 
hjmd its domain becomes restricted but, oA the other hand, 
inside this domain it becomes raised to a higher power. 


(c) On Naoeli% Incapacity to Know the Infinite. 

NSgeli,^ pp, 12, 18. 

Nfigeli first of all says that we cannot know real qualitative 
differences, and immediately, afterwards says that such 
“ absolute differences ” do not occur in Nature ! P. 12. 

‘ C. von Nttgeli. Uber die Sq/franken der ndtumissensckaftlichen 
ErkenntnU {The Limits of Scieniifle Knowledge]^ September, 18T7» 
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In the first pla<%, every qualitative infinity has many 
quantitative gradations, e.g. shades of colour, hardness 
and softness, length of life, etc., and these, although qualita- 
tively distinct, are measurable and knowable. 

In the second place, qualities do not exist but only things 
with qualities and indeed with inflmtely many qualities. 
Two different things always have certain qualities (properties 
attaching to corporeality at least) in common, others differing 
in degree, while still others may be entirely absent in one 
of them. If we consider two such extremely different things 
— e.g. a meteorite and a man — ^together but in separation, 
we get very little out of it, at most that heaviness and other 
corporeal properties are common to both. But an infinite 
series of other natural objects and natural processes can be 
put between the two things, permitting us to complete the 
series from meteorite to man and to allocate to each its 
place in the interconnection of nature and thus to know 
thsm. N&geli himself admits this. • 

Thirdly, our various senses might give us absolutely 
different impressions as regards quality. According to this, 
properties which we experience by means of sight, hearing, 
smell, taste, and touch would be absolutely different. But 
‘even here the differences disappear with the progress of 
investigation. Smell and taste have long ago been vecog- 
nised as allied senses belonging together, which perceive 
conjoint if not identical properties ; sight and hearing both 
perceive wave oscillations. The sense of touch and sight 
are mutually complementary to such an extent that from 
the appearance of an object we can often enough ptedic1i,its 
tactile properties. And, finally, it is always the same “ I ” 
l|ttat receives and elaborates all these different sense im- 
pressions, that comprehends tliem into a unity, And likewise 
these various impressiohs are provided by , the same thing, 
appearing as its common properties, and therefore helping 
us to know it. To explafn these different properties! 
accessible only to different senses, to bring them into con- 
nection with one another, is therefore the task of science, 
which so far has not complained because we have not a 
genersd sense in place of the five special senses, or because 
we are not able to see or hear tastes and smells. 

Wherever we look, nowhere in nalJhre are there to be found 



826 t' DIALECTICS OP NATURE 

such “ qualitatively or absolutely distinct fields,” whiph are 
put forward, as incomprehensible. The whole confusion 
springs from the confusion about quality and quantity. 

In aceordance with the prevailing mechanical view, Nhgeli 
regards all qualitative differences as explained only in so far 
as they can be reduce^ to quantitative differences (on which 
what is necessary to be said will be found elsewhere), or 
because quality and quantity are for him absolutely distinct 
categories. Metaphysics. . * . ' 

“ We can know only the finite, etc.” Tliis is quite correct 
in so far as only finite objects enter the sphere of our know- . 
ledge. But the statement needs to be completed by this s 
“ fundamentally we can know only the infinite'’ in fact 
all real, exhaustive knowledge consists solely in raising the 
single thing in thought from- singularity into particularity 
and from this into universality in seeking and establishing 
the infinite in the finite, the eternal in the transitory. The 
fcrm of universality, however, is the form of self-complete- 
ness, hence infinity 5 it is the comprehension of the many 
finites in the infinite. We know that chlorine and hydrogen 
within certain limits of temperature and pressure and under 
the infinence of light, combine with an explosion to form, 
hydrochloric acid gas, and as soon as we know this, we know 
ako that this iaJces place everywhere and at all times where 
the above conditions are present, and it can be a matter of 
indifference, whether this occurs once or is repeated a million 
times, or on how many heavenly bodies. The form of 
universality in nature is law, and no one talks more of tiie 
eternal cHUracterofthelaihs of nature thaxi the natural scientist. 
Hence if Nfigeli says that the finite is made impossible^ to 
establish by not desiring to investigate merely this fimtcf 
adding instead something eternal to jt, then he denies either 
the possibility of knowing the laws of nature or their eternal 
character. All true knowledge of nature is knowledge of 
the eternal, the infinite, and hence mentially absolute. 

But this absolute knowledge has an important drawback. 
Just as the mfinity of knowable matter is composed of the 
purely finite, so the infinity o^ thought which knows the 
absolute is composed of an infinite number of finifh human 
minds, working side by jide and successively at this infinite 
knowledge, committing practical and theoretical bljinders,- 
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setting out from •erroneous, one-sided, and fal^c premises, 
pursuing false, tortuous, and uncertain paths, and often not 
even finding the right one when they run their noses against it 
(Priestleyi). 

The cognition of the infinite is therefore beset with double 
difficulty and from its very nature c^n only take place in an 
infinite asymptotic progress. And that fully suthces us in 
order to be able to say : the infinite is just as much knowablc 
as unknowable, and that is all that we need. 

Curiously ehough, Nfigeli says the same thing : “ We can 
know only the finite, but also we can know ali that is finite 
that comes into the sphere of our sensuous perception.” 
The finite that comes into the sphere, etc., constitutes in sum 
precisely the infinite, for it is just from this that Nageli has 
.derived his idea of the infinite} Without this finite, etc., 
he would have indeed no idea of the infinite I 

(Bad infinity, as such, to be dealt with elsewhere.) 


(Before this investigation of infinity comes the following) ; 

(1) The “ insignificant sphere ” in regard to space and 
time. 

. (2) The “ probably defective elaboration of the sense 

organs.” 

(3) That we cun only know the finite, transitory, changing 
and what differs in degree, the relative, etc. (as far as), “ ifre 
do not know what time, space, force and matter, motion 
and rest, cause and effect are,” 

It is the old story. First of all one* makes sensuous things 
into abstractions and then one wants to know them thrdtigh 
the senses, to see time and smell space. The empiricist 
^becomes so steeped in the habit of empirical experience, 
that he believes that, he is still in the field* of sensuous 
knowledge when he is operating with abstractions. We 
know what an hour is, or a.metre, but not what time and 
space are ! As if time was anything other than just hours, 
and space anything but just cubic metres ! The two 
forms of existence of Wtt^r are naturally nothing without 
matter, empty concepts, abstractions which exist only in 
our min^s. But, of course, we are also not supposed to 
> Priestley discovered axygen without knowing it. 
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know what matter and motion, are I Of course not, for 
matter as such and motion as,such have not yet been seen or 
otherwise experienced by anyone, but only the various, 
actually existing material things and forms of motion. 
Matter is nothing but the totality of material things from 
. which this concept is abstracted, and motion as such nothing 
but the totality of all sensuously perceptible foims of motion ; 
words like matter and motion are nothing but abbreviations 
in which we comprehend many different sensuously per- 
ceptible things according to their common properties. 
Hence matter and motion cannot be known in any other 
way than by investigation of the separate material things 
and forms of motion, and by knowing these, we also pro 
tanto know matter and/ motion as stteh^ Consequently, in 
saying that we do not know what time, space, motion, cause; 
and effect are, Nftgeli merely says that ftrst of all we make 
abstractions of the real world through our minds, and then 
f;^not know these selfrmade abstractions because they {pe 
creations of thoi^ht and not sensuous objects, while all 
knowing is sensuous measurement! This is just like the 
diffl^!ulty mentioned by Hegel, we can eat cherries and 
plums, Wt not fruit, because no one has so far eaten fruit as 
such. 

# 

^ When Nageli asserts that there are probably a whole 
number of forms of motion in nature which we cannot 
perceive by our senses, that is a poor apology, equivalent 
to the suspension — at least for our knowledge — of the law 
of the uncreatability of jnotion. For they could certainly be 
transformed into motion perceptible tons I That would be an 
easy explanation of, for instance, contact electricity. 

Ad vocem*Nfigeli. Impossibility of conceiving the infinite* 
As soon as we say that matter and motion are not created 
and are indestructible, we are* saying that the world exists 
as infinite progress, ue. in the form of bad infinity, and 
thereby we have conceived all of tins process that is to be 
conceived* At the most the q/xestiim still arises whether 
this process is an eternal repetition — ^in a great cycle-^r 
whether the cycles have upward and downward poWons* 
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In this appendix will be found extracts from various books 
andjourrials^iving the text of the passages referred to by Engels 
in the course of his work. Where the source is an English one, 
the original English text is reproduced ; where the zvork is ti 
'German or French one of tvhich a standard English translation 
is available, this has been used. In other cases the passage has 
been translated from the original. 

The page references arc to the edition of which particiUars are 
given in the Bibliography. Capital letters after the author's 
name refer to the particular volume listed under such letter Jn 
the Bibliography. Where two letters with page references are 
given, the first refers to the edition in the original language, 
the second to the English translation. The Notes to Apjiendix I 
precede those to the main text, 

P. 319, Nature, 1877, XVII, p. 55 : “ On -jutoriug 
upon the duties of rector of the University, Prof. Kckvile, 
the distinguished chemist, delivered, on October 18; a 
brilliant address on the scientific position of chemistry, and 
the fimdamentai principles of this science. He made the 
following definition of chemistry as distinct frmn physics 
and mechanics ; — * Chemistry is tfic science of the statics 
and dynamics of atoms; physics that of the statics and 
dynamics of molecules ; while mechanics consider the luasses 
of matter consisting of a large number of nioldtfules,’ After 
rapidly sketching the growth of the present atomic theory, 
he claimed thot the mass of results now obtained showed 
that chemistry was slowly but surely approaching its god), 
the knowledge of the constitution of matter. In opposition 
to the opinion that *theop’ .should be banished from the 
exact sciences, he regarded it as an actual felt necessity of 
the huflian mind to classify the endless series of individual, 
facts from general standpoints— at present of a hypothetical 
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nature — and that it was precisely the discussion of these 
hypotheses which often led to the most valuable discoveAes.” 

P. 820. E. Hseckel, Die Perigenesis der Plastidule, D., 
p. 18 ; “ For if modem physiology quite rightly shuts the 
door on vitalism and teleology, if it rejects all mystical and 
supernatural action of i ‘ vital force ’ kind, and in its field 
allows only of the operation of physico-chemical — or, in 
the wider sense, mechanical — forces, then it njust also seek 
such a mechanical explanation for the two most important 
life activities in the development of form, viz. heredity, and 
adaptation.” 

P. 822.- Hseckel, D., p, 18 ; And if our great critical 
philosopher, Immanuel Kant, quite rightly demands of 
natural science that it should put mechanical causes {cawae 
effidentes) everywhere in place of purposive causes {eatisae 
fi/qpks) ; if Kant further asserts that mechanism alot^ 
contains a real explanation of phenomena and that ‘ without 
the principle of mechanism m nature there can be no natural 
science,’ we shall also recognise this monistic standpoint 
as the only justifiable one for our history of evolution as a 
true natural science, and may also seek only mechanical 
causes ^r the' physical facts of organic evolution.” 

822. Hegel, Logik, A., 11, p. 209, B., II, p. 874 When 
adequacy to an End is perceived, an understanding is 
assumed as its origin : that is, the proper and free existence 
of the N 4 >tion is demanded for the End. Teleology is 
ehielTy contrasted with Mechanism, where the determinate** 
ness posited in the Object, being external, is essentially of 
such a kind^ as manifests no self-determination. The 
opposition between causae efficienies^ causae finales — * 
between merely efficient and final causes — refers to this 
distinction ; and to this, takeh in a concrete form, the 
investigation reverts whether the absolute essence of the 
world must be taken as a blind naturajj Mechanism or as an 
understanding which determine itself by Ends. The 
antinomy between fatalism or determinism and freedom 
also regards the opposition between Mechanism and Teleo- 
logy ; for the Free is the Jfotion fn its existence/’ 
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P. 828. Hegel,' Emyklop&die, C., I, p. 199 : “ Moreover 
on closer examination, the exclusively mathematical stand* 
point mentioned here, which identifies quantity, this 
determinate stage of the logical Idea, with the latter itself, 
is no other than that of materialism, as indeed finds full 
confirmation in the history of saientific consciousness, 
especially in France, since the middle of, the last century.” 
(Translated from the German ; the English rendering, D., 
p. 187, is inadequate.) 

P. 80. Hegel, IiOgiA;, A., 1/1, p. 488. B., I, p. 876: “Chemi- 
cal substances are the properest examples of such Measures, 
as, being Measure-moments, have that which constitutes 
their detennination only in their attitude to others. Acids 
<and alkalis or bases appear as things immediately determinate 
in themselves, but still more as incomplete elements of bodies, 
as constituent parts which do not really exist for themselves, 
bijijt have this existence only, that they transcend their isor 
lated persistence and combine with another. Further, this 
distinctness which makes them stable does not consist in 
this immediate quality, but in the quantitative character 
of the attitude. For this is not confined to the chemical 
-opposition of acid and alkali or base in general, but is 
.specified to be a measure of saturation, and consists^ the 
specific determinateness of the quantity of the substance 
which neutralise one another. This quantity-determination 
in resp^t of. saturation constitutes the qualitative nature 
. of a substance : it makes it what it is for itself, and the 
number which expresses this is essentially one of several 
exponents for an opposed unit.” 

* * » ' 
•P..49. Hegel, Enzyklop&die, C., I, pp. ,272--8. D., 
pp. 249-50 : “ But the different forces themselves are a 
muljaplicity again, and in their mere juxtaposition seem to 
be contingent. Hence in empirical physics, we speak of the 
forces of gravity, magnetism, electricity, etc., and in empirical 
psydhblogy of the forces of memory, ima^nation, will, and 
all the other faculties. Ail Jbhis multiplicity again excites a 
craving to know these different forces as a single whole, nor 
would this craving be appeased even if the several forces 
were traced back to one coAimon primary force. Such a 
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primary force would be really no more than an empty 
abstraction, with as little content as. the abstract thiftg-in- 
itself.” 


P. 64. Thomson and Tait, Treatise on Natural Philosophy, 
A., p. 168 : “ The Vis Viva, or Kinetic Energy, of a moving 
body is proportional to the mass and the square of the 
velocity, conjointly. If we adopt the same units of mass 
and velocity as before, there is particular ,advantage' in 
defining kinetic energy as half the product of the mass and 
the square of its velocity.” 

P. 76. Clerk Maxwell, Theory of Heat, pp. 87-9 ; 
“ Suppose a body whose mass is m (m pounds.or m grammes) 
to be moving in a certain direction with a velocity which wcr 
shall call o, and let a force, which we shall call/, be applied 
to the body in the direction of its motion. Let us consider 
the effect of this force acting on the body for a very sn^d! 
time t, during which the body moves through the space s, 
and at the end of which its velocity is 

To ascertain the magnitude of the force f, let us consider 
the momentum which it produces in the body, and the time 
during which the momentum is produced. 

The ‘momentum at the beginning of the time i was mv', 
apd at the end of the time t it was mv' so that the mommitum 
produced by the force/ acting for the time t is mo'—nw. 

But since forces are measured by the momentum produced 
in unit of time, the momentum produced by / in oiie unit 
of Ijme ie/, and the momentum produced by/ in t units of 
time is ft. Since the two values are equal, 

ft—m (o'— u). 

'I'his is one form of the fundamentd equation of dyntunics. 
If we define the impulse-of a force as the average value of 
the force multiplied by the tiilie during which it acts, then 
this equation may be expressed in words by saying that the 
impulse of a force is equal to the moit|entum produced by it. 

We have next to find s, the space described by the body 
during, Ure tiqje t. If the velocity had been uniiSirm, the 
space des^bed would have been the product of the time by 
die velocity. When thC velocity is not uniform, the time 



APPENDICES 3St3 

must be multiplieU by the means or average -velocity to get 
the Space described, *In both these cases in which average 
force or average velocity is mentioned the tiftie is supposed 
to be subdivided into a number of equal parts, and the 
average is taken of the force of the velocity for all these 
divisions of the tiitie. In the j>res?>eut case, in which the 
time considered is so small that the change of velocity is 
also small, the average velocity during the time i may be 
taken as tht^ arithmetical mean of the velocities ut the 
beginning and at tlie end of the time, or 

J(z' + v'). 

Hence the space described is 

ii(r f v')L 

This may be cousidereil as a kiueiuatical equation, since 
^ it depends on the uat\ire of motion only, and not on that of 
the moving body. 

we multiply together these two equations wc get ^ 
fts 

and if wc divide by t we tind 
fit 

Now fa is the work done by the force /acting on the body 
while it moves in the direction of / through a space a.* * If wc 
also denote the mass of the body multiplied by h^lf 

the square of its velocity, by the expression kinetic energy 
of the body^ then will be the kinetic energy after the 

action of the force /through a space 

P. 76. Clausius, tJber den ztveiien Ilaupimiz, A., p. 2: 
^‘*For this reason I have proposed to introduce besides 
work [German : Arbeit] also a second magnitueje, which it is 
true likewise represents work but measured not according 
to that mechanical measure, but according to the measure 
of heat, hence expressed in such a way that the work which 
is equivalent to the unit of heat is taken as the unit of work. 
For work defined in^his way I have proposed the name 
Werk (work).’* # 

« 

P, 78. Clausius, Die meciMniache W’&rmetheorie, B., 
p. 22 5 “While itt earlief time* the view was atoost 
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miiveimlly held that heat is a special substance, wh^ih is 
present in bodies m greater 'or less 'quantity and thereby 
determines their higher or lower temperature, and which 
is emitted by bodies and then with immense velocity 
traverses empty space and also such spaces as are contained 
in ponderable masses,'’ and so fonns radiant heat, more 
recently the view has gained ground that heat is a form of 
motion. Then the heat inside bodies, which determines 
the temperature of the latter, is regarded ay a movement 
of the ponderable atoms, a movement in which the ether 
inside the body can also participate, and radiant heat is 
looked upon as a vibratory movement of the ether.” 

P. 86. Faraday, Experimental Researches, I, pp. 447-8 j, 
“The spark is consequent upon a discharge or lowering 
of the polarized inductive state of many dielectric particles, . 
by a paiticular action of a few of the particles occupying a 
\f%ry small and limited space ; all the previously polarized 
particles returning to their first or normal condition in the 
inverse order in which they left it, and uniting their powers 
n\eanwhile to produce, or rather to continue, the discharge 
effect in the place where the subversion of force first occurred. , 
My impression is, tliat the few particles situated "where, 
dischdtge occurs are not merely pushed apart, but assume a 
peculiar state, a highly exalted condition for the time, i.e. 
have thrown upon them all the surrounding forces in 
succession, and lising up to a proportionate intensity of 
condition, perhaps equal to that of chemically combining 
atoms, d&charge the pdwers, possibly in the same manner 
as they do theirs, by some operation at present unknown to 
us ; and so the end of the whole. The ultimate effect is# 
exactly, as if«a metallic wre hatf been put into the place of 
the discharging particles • and it does not seem impossible 
that the principles of action iq both cases may, hereafter, 
prove to be the same.” 

P, 86. Hegel, Naiurphilosuphie, Kft p. 849 : “ Kleetricity 
makes its appearance whonev^ two bodies touch one 
another, cspeciaUy when they are rubbed. Hence electricity 
is hot only to be found on thc^clcctrical machine ; on the 
oontcary, every pressure, every blow, sets up electrical 



APPENDICES 


885 

stress, but contact is the condition for this. Mectrioity is 
no sj)ecific special phenomenon, which only occurs on amber, 
shellac, etc., on the contrary it occurs on evelry body that is 
in contact with another body ; it is only a matter of having 
a very delicate electrometer to ‘convince oneself of this^ 
The angry self of the body is exhibited by every body 
when excited; all manifest this vitality towards one 
another.” 

P. 188. Naumaun, HantUmeh der aUgemeimn und physikal- 
ifu'Jtm Cliemie, p. 729 : “ Although, therefore, the water 
above-mentioned could be regarded as one of the purest ever 
prepared, it cannot be maintained tliat it was perfectly pure, 
and that the value A*--=‘0()0000000072 is not to be regarded as 
• an upper limit. In practice, it is true that even this figure 
gives water the .significance of a galvanic non-conductor, 
for it can easily be calculated that a column of the above 
V{ater 1 nun. in length offers the same resistance as a copper 
conductor of the same cross-section and of a length about 
equal to the diameter of the moon’s orbit.” 

1*. 152. Biichner, Kraft und Staff, A., Preface, pp. vi- 
- vii, B., Preface, pp. .xvii-xviii : ” The scholastic philosophy, 

’ still riding upon its Ijigh, though terribly emaciated,, horse, 
conceived that it lias long ago done with sucli theories, 
and has assigned tlicm, ticketed ‘ nmtcrialism,’ ‘ sensual- 
ism,’ ‘ determinism,’ to the scientific lumber-room, or,' as 
the phrase goes, has assigned them their ‘ historical value.’ 
But this philosophy sinks daily in the estimation the 
public and loses its ground opposed to natural science, which 
gradually establishes the fact that inaeroco.smic and micro- 
'* cosmic existenccobeys in its origin, life, and decay, mechamcal 
laws inherent in the things themselves. . . . 

Philosophical expositions which cannot be grasped by 
every educated person do not, in our opinion, deserve the 
printers ink expended on them. Wliat lias been clearly 
‘thought out can also be .said clearly ajid without cimuni- 
locution. The philosopl^cai evils which disfigure the 
writings of. J:he enulite seem to aim more at concealing 
thoughts tlian at revealing them. The times of erudite 
heroics, of philosophical ’’charlatanism, or ’intellectual 
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legerdemain,’ as Cotta very characteristically expresses it, 
are over or ougjit to bo over. ' 

Proceeding from the fixed relation between matter and 
force as an indestructable basis, empirical philosophy must 
arrive at results which discard every kind of supernaturalism 
and idealism in the explifiiation of natural events, considering 
the latter as perfectly independent of any external power. 
The final victory of this kind of philosophical cognition 
cannot be doubted. The strength of its proof,lies in facts, 
not in untelligible and empty phrases. There is, in tlie end, 
no- fighting against facts ; it is like kicking against the 
pricks. It is needless to observe that our expositions have 
nought in common with the conceptions of the old “ natural- 
philosophical ” school. The singular attempts to construe 
nature out of thought instead of from observation have 
failed, and brought the adherents to that school into such 
discredit, that the name ‘ natural philosopher ’ has become 
a byeword and a nickname.” 

P. 152. Hegel, Geschichte der Philosoplne, F., HI, pp. 529- 
80 : The Germans, who honourably enough wanted to 

deal with the matter in a really thorough-going way, and who 
wanted po substitute the basis of reason for wit and vivacity, 
which indeed does not really demonstra'te wit and vivacity, 
in this way obtained so empty a content that nothing can be 
more tedious than this thorough-going treatment ; as in 
Eberhard, Tetens, etc. 

Nicolai, Mendelssohn, Selzer and their like also philo- 
sophised Chiefly about taste and the fine arts; for the 
Germans ought also to have fine literature and art. How- 
ever, they only arrived thereby ^t the limit of meagreness 
in aesthetics--rLessing had called it shallow twaddle'.” 

.. A., pp. 17(K1 : 

It follows from this, and is in'the closest connection with 
it, that we can have no science, no notion of the Absolute, 
i.e. of that which goes beyond the Berceptual world sur- 
rounding us. However much *he metaphysicians' may 
vainly exert themselves to define the Absolute, however 
much religion nfay strive to awaken faith in the absolute 
by acceptance of immediSte revelation : nothing can cover 
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this inner defect." All our knowledge and conceiving is 
relatfve and proceeds, oidy from a mutual immparison of 
the perceptual things surrounding us- We would have no 
notion of dark without light, ho idea of high without low, 
or warm without cold, and so on ; we do not possess any 
absolute ideas. We arc not capable'of constnu^ing even a 
more remote idea of ‘ eternal ’ or ‘ infinite,’ because our 
understanding in its perceptual limitation by space and 
time finds impassable barrier to such an idea. Because in 
the perceptual world we are accustomed to find a cause 
everywhere where we see an effect, we have falsely inferred 
the existence of a supreme cause of all things, although such 
a cause cannot come within the domain of our other ideas as 
it is in conflict with scientific experience,” 

■* 

P. 155 (2). Hegel, JSmsyldopSdie, C., I, p. 9, D., p. 9: 
“ Everybody allows that to know any other science you 
mpst have first studied it, and that you can only claim i» 
express a judgment upon it in virtue of such knowledge. 
Everybody afiows that to make a shoe you must have 
learned and practised the craft of the shoemaker, though 
every man has a model in'his own foot, and possesses in 
' his hands the natural endowments for ihe operations re- 
ijnired. For philosophy alone, it seems to be ima|^^, such 
study, care, and apjfiicatioh are not in the least requisite.’,’ 

P. 155 (8). Hegel, EnayIdopUdie, C., 1, p. 11, D., p. 11 : 
“ This divorce between idea and reality is especially dear 
to the analytic understanding which looks upon its pwn 
abstractions, dreams though they are, as something true 
and real, and prides itself on the imperative ‘ ought,’ 
Vhich it takes especial pleasure in prescribing, even on the 
field of politics. As if the world had waited on it to learn 
howdt ought to be, and was not I For, if it were as it ought 
to be, what would come of the precocious wisdom of ttot 
' ought.’ ? ” 

P. 155 (4). Heg^l, hswsylfkpadie, C., I, p. 85, D., p. 88-7 ; 

For th|i explanation of Sense, the rea^est method certainly 
is, to refor to its external source—tibie organs of sense. But 
to name the organ, docs noC help much to explain what is 
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apprehend^ by it. The real distinction *between sense wd 
thought lies in this— that the essential feature of the sensible 
is individualify, and as the individual (which, reduced to 
its simplest terms is the atom) is also a member of a group, 
sensible existence presents a number of mutually exclusive 
units — of units, to speak in more definite and abstract 
formulse, which exist side by side with, and after, one 
another.” 

P. 155 (5). Hegel, EmyklopUdie, C., I, p. 40, D., p. 41-2 : ' 
“ For instance, we observe thimder and lightning. The 
phenomenon is a familiar one, and we often perceive it. 
But man is not content with a bare acquaintance, or with 
the fact as it appears to the senses ; he would like to get 
behind the surface, to know what it is, and to comprehend it.» 
This.leads him to reflect : he seeks to find oiit the cause as 
something distinct from the mere phenomenon s he tries to 
kgow.the inside in its distinction from the outside. Hei^e 
the phenomenon becomes double, it splits into inside and 
outside, into force and its manifestation, into cause and 
effect. Once more we find the inside or the force identified 
with the universal and permanent ; not this or that flash of 
l^tnmg, this or that plant—^but that which continues the ■* 
same hr them all. The sensible appearance is individual and' 
evanescent ; the permanent in it is discovered by reflection. 
Nature shows us a countless number of individual forms and 
phenomena. Into this variety we feel a need of introducing 
unity: we compare, consequently, and try to find the 
universal oOf each singly ca^e. Individuals are bom and 
periSh : the species abides and recurs in them all : and its 
existence is only visible to reflection. Under the same head 
fall such laws as those regulating the motion of the heavenly® 
bodies. To-day we see the stars here; and tomorrow there : 
and our mind finds something incongmous in this chaos— 
wmething in which it can put no faith, because it* believes 
in order and in a simple, constant, and universal law. 
Inspired by this belief, the mind has directed its reflection 
towards the phenomena, and le^imt their laws. In other 
words, it has established the movement of the heavenly 
bodies to be in accordance with a universal law from which 
every change of position may bc known and predicted.” 
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■P, 155 ,(6). Hegel, Kiizykl^die, C., I, p. 42, D., p. 48 : 
“ What reflection elicits, is a product of our thought. Solon, 
for instance, produced out of his head the laws he gave to the 
Athenians.” 

P., 155 (7). Ilegel, Knzyklopddie, C., I, p. 45, D., p. 45 ; 
” Logic therefore coincides with Metap/iysics, the science of 
things set .and held in thoughts — thoughts accredited able to 
express the essential reality of things.” 

P. 155 (8). Hegel, EnxyklopMie, I, p. 58, D., pp. 62-8 : 
“ For in experience everything depends upon the mind we 
bring to bear upon actuality. A great mind is great in its 
. experience ; and’in the motley play of phenomena'at once 
perceives the point of real signiflccmce.” 

P, 159 (1). A. von Haller’s poem, ” Die mensehliehen 
'JSigenden ” (The huimn virtues), which appeared in 1732, 
was flrst contradicted by Goethe in 1820 in his poem 
” AUerdings ” and later in his poem “ UUimalum ” : 

” Ins Innre der Natur dringt kein erschaffener Geist 
. Zu glttcklich, wenn er nur die Eussere Schale weist ” 
Das httr *ich sechzig' Jahre wiederholen, 

Und fluche darauf, aber verstohlen, — 

Natur halt weder Kem noch Schale 
AUes est sie mit ehiem Male. 

(“ No mortal mind can Naturek iimer 8ecrets''tell a 
Too happy* only if he knows the outer shdl " 
n For sixty years to this I’ye had to hark, 

I curse the sentiment, but keep it dark, — ' 

Nor shell nor kernel Nature does possess 
Is everything at once aijd nothing less.) 

P. 159(2). Hegel, EmsyMop&die, C., I, p. 95, D., pp. 91-2 : 
“ It follows that the .Categories are not fit terms to express 
the Absolute— the Absolufo not bring given in perception ; 
— and 'Understanding, or kno^rledge by means of the 
CategoriM, is consequently ipcapabje of knowing the Things- 
in-themselves. 
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The Thing-in-itself (and under ‘thing’ is embraced 
even Mind ai^ God) expresses the object when we leave 
out of sight all that consciousness makes of it, all its emotional 
aspects, and all specific thoughts of it. It is et^y to see 
what is left — utter abstraction, total emptiness, only 
described still as an * bther-world ’ — the, negative of every 
image, feeling, and definite thought. Nor* does it require 
much penetration to see that this capui niortm/m is still only 
a product of thought, such as accrues when thought is 
carried on to abstraction, unalloyed : that it is the work 
of the empty ‘Ego,’ which makes an object out of this 
empty self-identity of its own. The negative characteristic 
which this abstract identity receives as an object, is n lvo 
enumerated among tlie categories of Kant, and is no less’ 
familiar than the empty identity aforesaid. Hence one* 
can only read with surprise the perpetual remark that we 
do not know the Thing-in-itself. On the contrary, there is 
nothing we can know so easily.” 0 

P. 161. Hegel, Emyklopddie, C., I, p. 222, D., p. 206 s 
‘‘ In the sphere of Being the reference of one term to another, 
is only implicit ; in Essence on the contrary it is explicit. 
And this in general is the (hstinction between the forms of ' 
Being- and .Essence : in Being everything is immediate, in* 
Essence everything is relative.” 

- P. 162. Hegel, Enzyhlop&du-, C., I, p. 268, D„ pp, 245-6 i 
“ The relation of whole and parts, being the 
fela^ion, fcomes easy ta reflective understanding ; and for 
that reason it often satisfies when the question really turns 
on profounder ties. The limbs and organs, for instance, 
of an organjp body are not merely parts of it : it is only* 
in their unity that they arc what they are, and they are 
unquestionably affected by that unity, as they also in turn 
affect it. These limbs and brgans become mere parts, 
oply when they pass under -the hands .of the anatomist, 
whose occupation, be lt i-omemberedais not with the living 
b<^y but with the corpse. Noi» ihm such analysis is ille- 
gitimate j we only mean that the external and mi^apjc al 
relation of. whole and parts Is not sufficient for us, if we want 
to study organic life in its trutlf.” 
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P. 168 (1). Hegel, Enzyklaj^ie, C., I, p. 285? D., p. 217 : 

We do not stop at Jbhis point however, or regard things 

merely as different. We compare them one^with another, 

and thus discover tlie features of likeness and unlikeness. 

The work of the finite sciences lies to a great extent in the 

application of these categories, aivd> the phrase ‘ scientific 

treatment’ generally me;^ no more than the method 

which has for its aim comparison of the objects under 

examination.” 

% 

P. 168 (2). Hegel, Ensyklopddie, C., I, p. 281, D., p. 214 : 

It is important to come to a proper understanding on 
the true meaning of Identity : and, for that purpose, we 
must especially guard against taking it as abstract Identity, 
'to the exclusion of all Difference. That is the touch-stone 
for distinguishing all bad philosophy from what alone deserves 
the name of philosophy.” 

"V. 164. Hegel, EnsyklopSdie, C., I, p. 152, D., p. 148 : 
** Wc say, for instance, that man is mortal, and seem to 
think that the grormd of his.death is in external circumstance 
only; so that if this way of looking were correct, niap 
.would have two special properties, vitality and — also — 
mortality. But the true view of the matter is that^life, as 
life, involves the germ of death, and that the finite, being 
rascally self-contradictory, involves its own self-sup- 
pression.” 

P. 165 (1). Hegel, EmyUop&die, jC., I, p. 256, Q., p. 285 : 
” An animal may be said to consist of bones, muscles, nefrcs, 
etc. t but evidently we are here using the term ’ consist * 
'*in a very different sense from its use when we spoke of the 
piece of granite as .consisting of the above-mentioned 
elements. The elements of granite are utterly indifferent 
to their combination : they sould subsist as well without it. 
The different parts and members of an organic body on the 
contrary subsjst only m their union ; they cease to exist as 
such, when they are separ^ed fmm each other.’,’ 

P. 16S (2). Hegel, C., I, pp. 252>60, D., 

p. 288 ; ” The n^ation of the several matters, which is 
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insisted on\n the thing no less than Cheir independent 
existence, occurs in Physics; as pofosUy. Each of* the 
several matter^ (colouring matter, odorific matter, and if we 
believe some people, even sound-matter — ^not excluding 
caloric, electric matter, etc.) is also negated : and in this 
negation of theirs, or lai^ interpenetrating their pores, we 
find the numerous other independent matters, which, being 
similarly porous, make room in turn for the existence of the 
rest. Pores are not empirical facts ; they are figments of 
, the understanding, which uses th^m to represent the element 
of negation in independent matters. The further working- 
out of the contradictions is concealed by the nebulous 
imbroglio in which all matters are independent and all no 
less negated in each other. If the faculties or activities arc 
similarly hypostatised in the mind, their living unity simi- ♦ 
larly turns to the imbroglio of an action of the . one on the 
others. 

^These pores (meaning thereby not the pores in 
organic body, such as the pores of wood or of the skin, but 
those in the so-called ‘ ma'tters,’ such as colouring matter, 
caloric, or metals, crystals, etc.) cannot be verified by 
observation. In the saftie way matter itself—furthermore 
form which is separated from matter — whether that be 
the tlylig as consisting of matters, or the view that the* 
thing itself subsists and only has proper ties — ^is all a product 
of" the reflective understanding which, while it observes and 
professes to record only what it observes, is rather creating 
a metaphysic, bristling with contradictions of which it Is 
unconsciems.” 

P; 168. Hegel, Naiurphilosophie, E., p. 79 : “ But the 
point is not that such a tendency exists, but that it exists for 
itself separate from pavitation, as conceived in a completely 
independent form in force. In the same place, Neyrtou 
^ures us that a lead bullet iwcoelos abiret el motu atmmdi 
pergeret in infinitum, if (certainly if) only the appropriate 
velocity could be imparted to it. Suc^eparatipn of external 
and essential motion belongs neither to experience nor to the 
notion *but only to abstracting reflection. It is one thing 
to distinguish them, as is necessary, as well as to chamctcrise 
them mathematically as-’ separate lines, to treat them as 
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P. 169 (1). Hegel, Natwphilost^kie, p. 65 : “ Its essence 
[of motion] is to be the immediate unity of space and time s 
it is time teally persisting through space, or space which is 
only made truly distinct through time. Thus we know that 
K space and time belong to motion ; the velocity, the quantum 
of motion is ^ace in relation to a definite time that has 
elapsed. One says also, motion is the relation of space and 
time ; the deeper manner of this relation, however, remained 
,» to be grasped. Only in motion have space and time 
reality.” 

• iP. 169 (2). Hegel, NaturphilosopJu\ E., p. 67 : “ Space 
and time are filled with matter. Space is not conformable to 
its notion ; hence it is the concept of space itself that creates 
its^existence in matter. Often a beginning has been made 
with matter, and then space and time regarded as forms of 
matter. What is correct is that matter is the real in regard 
to space and time. But the latter, on account of their 
abstraction, have to appear to us here as the primary; 
'and then it must be shown that matter is their truth. Just 
as there is no motion without matter, so also there' is no 
matter without motion. Motion is the process, the transition 
ficom time into space and xtiee versa : matter, on the other 
band, the relation of space and tune, as latent identity. 
Ifibtter is the primary r^ity, the existing Being-for-itself ; 
it is not only abstract being, but |>ositive persistence^ of 
space, as excluding, however, other space.” , 

^ 174. Grove, The Correlation of Physioal Forces^ 

pp. 10-14 ! “ Instead t>f regarding the proper object of 
j^ysirod science as a search after essential causes, I bdieve 
it ought to be, and must be, a'search after facts and relations 
— lhat although the woid Cause may be used in a secondly 
and concrete sense, as meaning antecedent forces, yet in an 
abstract sasse it is totally inapplicable s we cannot predicate 
of any pjjiysioal agency that it is abstractedly the cause of 
another; md if, for the sake of convenience, the language 
of sectmdary causation be peihnissibte, it should be only with 
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reference t^the special phenomena referreQ to, as it can never 
be generalised. * ^ , * 

The misusi, or rather varied use, of the term Cause, 
has been a source of great confusion in physical theories, 
and philosophers are even now by no means agreed as to 
their conception of causation. The most generally received 
view of causation, that of Hume, refers it to invariable ante- 
cedence — Le. we call that a cause which invariably precedes, 
that an effect which invariably succeeds. Many instances 
of invariable sequence might however be selected, which do 
not present the relations of cause and effect, thus, as 
Reed observes and Brown does not satisfactorily answer, 
day invariably precedes night, and yet day is not the 
cause of night. The seed, again, precedes the plant, but 
is riot the cause of it; so that when we study physical- 
phenomena it becomes difficult to separate the idea of 
causation from that of force, and these have been regarded 
QS identical by some philosophers. To take an examnle 
which will contrast these two views: if a floodgate be 
raised, the water hows out; in ordinary parlance, the 
water is said to flow because the floodgate is raued : the 
sequence is invariable; no floodgate, properly so called, 
can be raised without the water flowing out, and yet in* 
another, and perhaps more strict sense, it is the gravitation 
of tlie water which causes it to flow. But, though we may 
truly say that, in this instance, gravitation causes the water 
to flow, we cannot in truth abstract the proposition, and say, 
generally, that gravitation is the cause of water flowing, 
as^watcp may flow frpm other causes, gaseous elasticity, 
for instance, which will cause water to flow from a receiver 
frill of air into one that is exhausted ; gravitation may also, 
under certa^ circumstances, arrest instead of cause the flo"# 
of water. • 

Upon neither view, however, can we get at anything 
like abstract causation. If weTegard causation as invariable 
sequence; we can find no case in which a i^ven antecedent is 
the only antecedent to a given sequent ; thus, if water could 
flow from no other cause than, the withdrawal of a flood- 
gate, we might say abstractedly that this was the, cause of 
water flowing. If, again, adopting the view which looks to 
causation as a force, we Could sfy that water could be caused 
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to flow only by gravitation, we might say abstractedly that 
gravitation was the tause ot water floYon^bnt this we 
cannot say j and if we seek and examine any' other exam ple, 
we shall find that causation is only predicable of it in the 
particular case, and cannot be supported as an abstract 
proposition; yet this is constahtly'attempted. Neverthe- 
less, in each particular case, where we speak of Cause, we 
habitually refer to some antecedrat power or force : we 

• never see motion or any change in matter take effect without 
regarding it as produced by some previous change ; and, 
when we cannot trace it to its antecedent, we mentally refer 
it to one ; but whether this habit be philosophically correct 
is by no means clear. In other words, it seems questionable, 
not only whether cause and effect are convertible terms with 

* antecedence and sequence, but whether in fact cause does 
precede effect, whether force does precede the change in 
matter of which it is said to be the cause. 

^The actual priority of cause to effect has been doubted, 
and their simtdtancity argued with much ability. As an 
instance of this aigument it may be said, the attraction 
which causes iron to approach the magnet is simultaneous 
with, and even accompanies the movement of the iron ; 

' the' movement is evidence of the co-existing cause of force, 
’but there is no evidence of any interval in time between the 
one and the pthcr. On this view time would cease to bq^ a 
necessary element in causation ; the idea of cause, except 
perhaps as referred to a primeval creation, would cease to 
exist ; and the same arguments which apply to the simulta- 
neity of cause with effect would apply to the simultand|iy of 
Force with Motion. We could not, however, even if we 
adopted t h i s view, dispense with the element of time in the 
'^sequence of phenomena ; the effect being thqs regarded .as 
ever accompanied simnltaneously by its appropriate cause, 
we should still refer it to some antecendent effect ; and our 
reasoning as applied to the successive production of all 
natural chani^s would be the same. 

Habit and the ideij|;ification of thoughts with phenomena 
so compel the use of wcognised temiB, that we cannot avoid 
the use pf the word cause even in the sense to which objection 
is taken; and if we struck it but of our vocabnlaiy, our 
language, in sjieaking of^succesliive changes, woudd be 
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unintelligiMe to the present generaticwi. The common 
error, if I am right in supposing it to be such, consists in the 
abstraction o&canse, and in supposing in each case a general 
secondary cause — a something which is not the first cause, 
but which, if we examine it carefully, must have all the 
attributes of a first capse, and an existence independent of, 
and dominant over, matter,” 

P. 174, Grove, loc. ciU p« 20 ; “ In placing the ^^eight 
on the glass, we have moved the former to an fextent equiva- 
lent to that which it would again describe if the resistance 
were removed, and this motion of the mass becomes an 
exponent or measure of the force exerted on the glass ; 
while this is in the state of tension, the force is ever existing, 
capable of reproducing the original motion, and while in 
state of abeyance as to actual motion, it is really acting on 
tlie glass. The motion is suspended, but the force is not 
aimihilated.” 

^ § 

P. 174, Grove, loc. cit, p, 16 : “ The term force, although 
used in very different senses by different authors, in its 
limited sense may be defined as that which produces or 
resists motion. Although strongly inclined to believe that ^ 
the other affections of matter, which I liavc above named^ 
are, and will ultimately be resolved into, modes of motion, 
nSany arguments for which will be given in subsequent 
parts of this Essay, it would be going too far, at present, to 
assume their identity with it ; I therefore use the term force, 
in reference to them,^ as meaning that active principle 
ins^arable from matter which is supposed to induce its 
various changes/* 

• 

P. 170. Hseckel, B., pp. 59- C(V C., I, p. 05 : We 
see then, according to Agassiz’s conception, that the Creator, 
in producing organic forms, *goes to work exactly as a 
human architect, who has taken upon himself the task of 
devising and producing as many different buildings as 
possible, for the most manifold ]mrposes, in the most 
different styles, in various degr^s of simplicity, splendour, 
greatness, and perfections . This architect would* perhaps 
at first choose four different styles for all these buildings, 
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say -the Gotliic, Byzantine, Moorish, and Chinese styles. 
In each of these styles’ he would build a numljfcr of churches, 
palaces, garrisons, prisons, and dweiling<houses. Each of 
these different buildings he would execute in ruder and more 
perfect, in greater and smaller, iq simpler and grander 
fashion, etc. However, the human architect would perhaps, 
in this respect, be better off than the divine Creator, as he 
would have perfect liberty in the number of graduated 
subordinate ^oups. The Creator, however, according to 
Agassiz, can only move within six groups or categories t 
the species, genus, family, order, class, and type. More 
than these six categories do not exist for him.” • 


^ P. 176. Hseckel, ScMpfungsgescMckte, B., pp. 7S-7, C., 

, I., p. 84 j “ But Goethe did not merely endeavour to search 
for such far-reaching laws, he also occupied himself most 
actively for a long time with numerous individual researches, 
esl)ecially in comparative anatomy- Among these, none Is 
perhaps 'more interesting than the discovery of the mid- 
jmgibone in man. As this is, in several respects, important 
to the thfeory of development I shall briefly explain it here. 
, There exist in all mammals two little bones in the upper jaw, 
which meet in the centre of the face, below the nose, and 
which lie between the two halves of the real upper-jawbone. 
These two bones, which hold the four upper cutting-teetii, 
are recognised without much difficulty in most mammals ; 
in man, however, they were at that time unknown, and 
celebrated comparative anatomists even laid great stress 
upon the want of a mid-jawbone, '' as they considered it 
to constitute the prindpal difference between man, and 
•eipes— 'the want of a raid-jawbone was, curiously enough, 
looked upon as the rao%t human of all human cKaractenstics. 
But Goethe could not accept the notion that man, who in 
all other corporeal respects was clearly only a mammal of 
higher development, should lack this mid- jawbone. By the' 
general law of induetipn as to the mid-jawbone he arrived 
at the special deductive conclusion that it must exist in 
man also, and Goethe did Itot rest until, after comparing a 
great ndinber of human skulls, -he really found the nud- 
jawbone. In some individuals it 4s preserved throughout 
th^ whole lifetime, but usually at an early age it coalesces 
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with the neighbouring upper jawbone and is therefore only 
to be found a^an independentr bone in youthful skulls.* In 
human embryos it can now be pointed out at any moment. 
.In man, therefore, the mid-jawbone actually exists and to 
Goethe the honour is due of having first firmly established 
this fact, so important In many respects ; and this he did 
while opposed by the celebrated anatomist, Peter Camper, 
one of the most important professional authorities. The 
way by which Goethe succeeded in e^ablishiug this fact is 
especially interesting ; it is the way by which w*c continually 
advance in biological science, namely, by way of induction 
and deduction. Induction is tlxe inference of a general law 
from the observation ofnumerous individual cases ; dedticiUm^ 
on the other hand, is an inference from this general law 
applied to a single case which has not yet been actually * 
observed. Prom the collected empirical knowledge of those 
days, the inductive conclusion was arrived at that all 
mammals have had mid-jawbones. Goethe drew from thfe 
the deductive conclusion, that man, whose organisation 
was in all other respects not essentially different from 
mammals, must also possess this mid-jawbone; and -on close 
examination it was actually found. The deductive con- 
clusion was confirmed and verified by experience,” 

* * *' 

JP. 176. Hseckel, Sclwpfungsgeschichte, B., pp. bO-90, 
C., I, p. 84> ; “ The teleological view of nature, which 
explains the phenomena of the organic world by- the action 
of a personal Creator acting for a definite purpose, necessarily 
leada, whSn can'ied to fts extreme consequences, either to 
utterly untenable contradictions, or to a two-fold (dualistic) 
conception of nature, which most directly contradicts the 
unity and simplicity of the supreme laws which are every- 
where perceptible. The philosophers who embrace teleo- 
logy must necessarily assume two fundamentally different 
natures : an inorganic nature, which must be explained by 
causes acting mechanically {causae efficmites); and an 
organic nature, which must be explained by cames acting for 
a definite purpose {causae finales).^ 

P- 176, Hegel, Geschickte fier Philosophies Pi, HI, 
pp* 603-4 : ** In this cpnnection, Kant arrives at the 
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following : We woiild find no difierence between i4ie mechmim, . 
of rUame and the tech/nigueof nature, i.e. the linking of End 
in nature, if our understanding were not of sidch a kind that 
it has to go from the universal to the particular, and that 
therefore the power of judgement cannot pronounce any 
determinate judgements without ‘having a general law 
under which the particular could be, subsumed. The 
particular as .such, however, in respect to the universal 
contains sonjething accidental, but reason equally demands 
that in the connection of the particular laws of nature 
there should also be unity, and indeed obedience to law, 
.such obedience to law on the part of the accidental being ^ 
called adequacy to an End: and the derivation of the/’ 
particular laws from the gener&l laws is, in respect of the 

* accidental that the former contain, impossible a priori by 
determination of the notion of the object ; the notion of 
the adequacy .to an End of nature in its products thus be- 
<^omes a notion necessary for the human power of judgemqpt, 
but one that does not concern the determination of the 
objects themselves, hence a subjective principle, and also ' 
only a leading thought for the power of judgement, whereby 
nothing can be said of its Being-in-itscif.” 

* P. 177. Nature, X, pp. 809-19 ; Inaugural adtitress of . 
Prof. John Tyndall, at the forty-fourth annual meeting 
of the British Association for the Advancement of Scienc^. 

P. 180. Hseckcl, SchSpfungsgeschichie, B., .p. 382, C., 11, 
p. 56 ; “ As some of these cells a,t an early stage encased 
themselves by secreting a hardened membrane, ’’they 
formed the first vegetable cells, While others, remaining 

* naked, der'cloped into the first aggregates of animal cells. 

The presence or absence of an encircling hard membrane 
forms the most important, although by no means the entire 
difference of form between animal and vegetable *ells.” 

P. 181. Ibid., B* pp, 884-5, C., 11, p. 59: '''' Lahyr- 
xntlMufer {LabyrintlMeae^. They are spindle-shaped cells, 
mostly of a yellow-ochre colour, which are sometimes united 
into a dense mass, sometimes move about in a very peculiar - 
way. They form, in a manner not yet explained, a retiform 



850 DIALECTICS OF NATUKE * 

* ' f c 

frame of tangled threads (compared to a J.abyriiith) and on 
the dense, filamentous ‘ tramways ’ of this frame they^lide 
about. the stiape of Ihe cell^ of the LabyiiniJmleae 

. we might consider them as the simplest plants, from their 
motion, as the simplest animals, but in reality they are 
neither animals or planjs.” 

I 

P. 181. lUi, B., pp. 409-10, C., II, pp. 87-8 : “ Even 
the sifigle-ceUed primiay. ploTifr— which are distinguished 
from the monocytods (monocytoden) by possessten of a kernel 
(nucleus),' develop into a great variety of exquisite forms 
by adaptation ; this is the case especially with the beautiful 
Desmidiaceae. ... It is very probable that similar primeval 
plants, the soft body of which, however, was not capable of 
being preserved in the fossil state, at one time peopled the^ 
Laurentian primeval sea in great masses and varieties, 
and in a great abundance of forms without, however, going 
b^ond the stage of individuality of a single plastid.” 

. P. 181, Ibid, B., p. 384, C., II, p. 59 : “ This wonderful 
organism, which sometimes appears like a simple Amoeba, 
sometimes as a single fringed cell, sometimes as « many- 
celled fringed ball, can evidently be classed with none of the 
other Protista and must be regarded as the representative, 
of a ndw independent group. As this group stands midway 
between several Protista and links them together, it may 
. bear the name Mediator, or CataUaaa.” 

P. 181. Ibid, B., pp. 888-4, C., 11, pp. 58-9 : “ A. very 
temarkabfe new form 6f Protista, which I have named ■ 
Flimmer ball (Mago^haera) I discovered in September 
1869 on the ' Norwegian coast, and have more accurately 
described in ray Biological Studies. Off the island of 6is-oe, 
near Bergen, I found swimming about, on the surface of 
the sea, e^temely neat little Iballs composed of a number 
(about 80-40) of fringed pear-shaped cells, the pointed 
ends of which were united in the centre like radii. After 
a time the ball dissolved. The indi^dual cells swarmed 
ateut independently in the water like fringed Infusoria or 
. Ciliates. These afterwards .sank to the bottom, driw their 
fringes into their bodies^ and gradually changed into the 
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form of creeping \moebae. These last afterwards encased 
them&elves and then divided, by repeated halvings into a 
large number of cells. The cells became ^covered with 
vibratile hairs, broke through .the case enclosing them, and 
now again swam about in the shape of a fringed ball.** 

P, 181. Ibidf B., p. 452 ; “ All other animals, from the 
simplest plant-animals to the vertibrates, from the sponge 
up to man, are composed of various kinds of tissues and 
organs, which all develop originally from two distinct cell 
layers. These two layers are the two primary germinal 
sheaths, with which wc have already become acquainted 
in the embryonic developmental form of the gastrula* The 
outer cell layer, or the animal germinal sheath (the main 
sheath* or Exoderma) is the basis for the animal organs of 
the animal body : skin, nervous system, muscular system, 
skeleton, etc. The inner cell layer, or the vegetative germinal 
s^ath (the gut sheath or Entoderma), on the other hanjj, 
provides the material for the vegetative organs : digestive 
tract, vascular system, etc. Even to-day among the 
lower rej>resentatives of all six higher branches of animals 
we encounter the gastrula in the history of the embryo, 
►where these two primary germinal sheaths occur in their 
simplest form and enclose the oldest primitive orgap, the 
primordial gut with the primordial mouth. Hence we can 
group all these animals (in contrast to the primordial animals 
not equipped witli a gut) as gut-possessing animals (Metazoa). 
All these gut-possessing animals can be derived from a 
common basic stock — Gastreteat and^ this long extijaot basic 
stock must have been essentially similar in structure tol^the 
primitive embryonic form — ^the gastrula — ^which still occurs 
%verywhere to-day* Prom this Qasiram there developed, 
as already shown, two distinct basic stocks, Pfotascui and 
ProthelmiSt of which the former is to be regarded as the basic 
stock of the plant-animals, and the latter as the basic stock 
of the worms**’ 

♦ 

# 

F. 182. Clausius, ifber d^n saseiten Hauptsaiz, A., pp. 6-7 : 
“ Suppose one takes a quantity of a perfect gas, which 
occupies, a definite volume. If this gas expands to another 
volume, for instance to twiee the volume, then an increase 
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of disaggregation takes place which is completely detennined 
by the volume at the start and jit the end. At the same liime, 
on expansion !leat becomes converted into work. Since in a 
perfect gas no internal work is performed, because the 
molecules are already so far apart that their mutual influence 
can be neglected, we have only to deal with the external 
work which is performed by overcoming the external 
pressure, hence with work the magnitude of which can be 
easily stated. The heat consumed for this work must be 
communicated to the gas from outside, if its temperature is 
to remain constant.” 

P. 189. Haickel, Anihropogenie, A., pp. 707-8 : “ Accord* 
ing to die materialist viejw of the world, mdtter or substance 
was present earlier than motion or vital force ; matter* 
created force. According to the. spiritualist view of the 
world, it is the other way. round : vital force or motion was 
presort earlier than matter, the latter being called into 
bmg by it; force created matter. Both views are dualisftc 
and we hold that both are equally false. The opposition 
between the two views 'is removed for us in the monistic 
phflosophy, which can as little conceive force without matter 
as matter without force.” (Engels’ italics.) . 

• « 
P. 2bl (2). Midler, Der Wunderbau dea IFcltolfr, pp. 42-8 ; 
“dfitis . . . probable that the spaces between the heavenly 
bodies are not absolutely empty but filled with a so-called 
resistant mediiun (the ether), the latter, however, shows 
not a single one of the properties which are essential attributes 
of afr and every form of gas. . . .” , 

P. 201 (2). Lavrov, Opyt istorii mysla, pp. 108-4 s “ Im«« 

. measurable space, with its scattered.worl^, is empirically 
for us empty space, in which occur as isolated islands masses 
of ponderable substance,' which gravitate towards one another 
and move under influence of this gravitation, which thus 
constitutes the most general cosmic ph\^nomenon accessible to ” 
us. n 

But even this ponderable gra^tating world te accessible 
to us only as regards a very minute fraction, namdiy, as 
regards the space of whicli wc->obtain knowledge through 
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light phenomena. •Many scientists are of the dt>inion that 
these 4ight phenomena ^cease for us when the ^-called light 
wave has traversed a* certain definite distaftce; light is 
extinguished and there are no means by which it is possible 
for us to convince ourselves of the existence of worlds of one 
kind or another beyond the bounds •at this distance. We 
scarcely know even one island universe in immeasurable space, 
viz. the one to which we oiwselves belong. By means of 
thought we* can convince ourselves of the probability of the 
existence of other island universes beyond its boundiuries, of 
the reality of which mankind wiU never be certain; Wt 
everylhing that we knots of the universe is restricted to our 
single island tmivetse.” 

, P. 201. Lavrov, p. 100 ’j “ Dead suns with their dead 
systems of planets and satellites continue their motion in 
space as long as they do not fall into, a new nebula in process 
of formation. Then the remains of the dead world become 
mafbrial for hastening the process of formation of the new 
world. The enormous 'glowing heat of the mass iii which 
the new world is being prepared, rapidly melts and gasifies 
the dead il'orld, but thereby the ne'w world rapidly passes 
tihrough one of the primary phases of its existence, in order 
t<x pass over to the subsequent phases and in due cboirse 
for innumerable millenia to move in the form of a dark dead^ 
system, until in turn it succeeds in serving as material for a 
still newer world that is coming into being. 

Such is the probable fate of all that exists in the universe. 
While some systems are living thrqugh the last AmilliQn 
centuries of their existence, othera have hardly passed 
through the first milliards of millenia of their separate being. 
Here a world long since dead obtains' the possibility of 
entering on the process of fqmation of a new solar system, 
there a world in formation which has come close to rigid 
masses is disintegrated into comets and falling stars. Violent 
death threatens worlds just as easily as inevitable natural 
extinction. But etema^' motion does not cease, and new 
worlds eternally develop'Sn place of former ones.” 

P. 208. • Hseckel, Scbbpfiingsge$;:bichtet B., pp, 106-6: 
“But perhaps the most reraarkabh of all Moncra was 
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discovered ui 1868 by the famous Englis!l& zoologist Hiudey 
and named ^y him BathyHus H«eckelii. ‘ Bathjfbius ’ 
means : ‘ li^g in the depths.’ For this wonderful 

organism lives in the enormous abysses of the ocean, which 
•have become known to us in the last' decade owing to 
painstaking British Investigations, and which reach a 
depth of more than 12,000 feet, indeed in many places more 
than 24,000 feet. Here Bathybius occurs in masses between 
the numerous Polythalamias and Kadiolarias,that populate 
the fine chalk-like mud of these abysses. It is found partly 
in the form of rounded or formless granules of slime, partly 
in the form of a loose slime network covering bits of stone 
and other objects. Small calcareous particles (Discoliths, 
C 3 matholiths, etc.) are often embedded in these slimy gela- 
tinous masses, probably excretory products of the latten 
The whole body of this remarkable organism, Bathybius, 
consists, as in the case of other Monera, solely of structureless 
plasm or protoplasm, i.e. of the same protein-like car|?on 
compound which occurs in infinite modifications in all 
organisms as the most essential and never absent bearer of 
life phenomena. A detailed description and drawing of 
Bathybius and of other monera has been given by. me in 
1870 in my Monograph of the Monera*' 

€ 

P. 20S. Kopp, Die Entwickelnng der Chemie in der neueren 
Zeit, p. 105 : “ As regards the theory of affinity, the period 
now under consideration had inherited all the knowledge 
that was immediately at the disposal of the new era beginning 
Lavoisier. It is* true that among some persons re- 
collections of earlier false theories persisted, especially of 
the* theory that the possibility of two bodies combining 
indicated some common content of both in regard to a giveTi 
constituent, or in other words- that the combining ability 
of bodies rested on kinship between them in the proper sense 
of the word. But by most pibrsons the concept of chemical 
attraction was already more correetjy grasped.” 

S' 

P. 210. Clerk Maxwell, Theory %f Heat, p. 14 ; “ The 
distinguishing characteristic of radiant heat i§ that it 
travels in rays like light, whence the name radiant. These 
rays have all the physical '^topertics of rays of light 
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Hiicl are capable of reflexion,, refraction,, interference, and 
polarisation. ^ ^ 

They may be divided into different kinds by the prism 
as light is divided into its component colours, and some 
of the heaf-rays are identical with the rays of light, while 
other kinds of heat'^tays make no impression on our eyes.*** 

P. 216. Clausius, 1)her den zwditen Hauptsatz^ p. 16 : 
** One form of energy can be converted into another form of 
energy, but* the quantity of energy never loses anything 
thereby, on the contrary the total energy present in the 
world is just as constant as the total amount of matter present 
in the world.*’ 

P. 226, Hegel, Logik, A,, II, p. 164, B,, II, p. 829 : 
“ Rather, Induction is still essentially a subjective Syllogism. 
The middle consists of the individuals in their immediacy ; 
their comprehension into the genus by means of allnesj is 
Sn external reflection. Because of the persistent immediacy 
of the individuals and the externality which follows thence, 
universality is no more than completeness, or rather remains 
a problem to be solved. Consequently the progress to bad 
infinity once more emerges in universality : individuality 
is to be posited as identical with universality; bnt, the 
individuals being equally posited as immediate, this unity 
remains no more than an enduring Ought ; it is a unit;;^ of 
equality ; the terms which are to be identical at the same 
time are not to be identical, a, b, c, d, e, but only to infinity, 
constitute the genus and give perfected experience. In so- 
far the conclusion of Induction remains problematical.’^ 

• 

P. 227. Haeckel, Sehdpjungugeschicklet B.j. p. 84, C., I, 
p. 87 ; “ In order, then, to avoid in future the usual confusion 
of this utterly objectionable Moral Materialism with our 
Scientific Materialism, we 'think it necessai*y to call the 
latter either Monim or Jtealmn. The principle of this 
Monism is the Samejihs what -Kant terms ‘ tlie principle of 
mechanism,* and of ♦rhich he expressly asserts, that ii'iUmti 
it them can be nomatweH science at all. This principle is 
quite fhi^eparable from oUr Non*miraculous History of 
Creation, and characterisoB it m opposed to the teleo- 
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logical belief® in the miracles of a Supernatural History of 
Creation.” ^ 

P. 227. Hfleckel, B., pp. 90-1, C., I, p. 102 ; “ If we read 
Kant’s Critidm of the Teleological Faculty of Judgment^ 
his" most important biological work, we perceive that in 
contemplating organic nature he always maintains what is 
essentially the teleological or dualistic point of view ; 
whilst for inorganic nature he unconditionally,^ and without 
reserve, assumes the mechanical or monistic method of 
explanation. He affirms that in the domain of inorganic 
nature all phenomena can be explained by mechanical causes, 
by the moving forces of matter itself, but not so in the 
domain of organic nature. In the whole of anorganology, * 
in geology, mineralogy, in meteorology and astronomy, • 
in the physics and chemistry of inorganic natural bodies, 
all phenomena are said to be explicable merely by mechanism 
{cq^iisa efficiem) without the intervention of a final purpose. 
In the whole domain of biology on the other hand — 
botany, zoology, and anthropology — mechanism is not 
considered sufficient to explain to us all their phenomena ; 
but we are supposed to be, able to comprehend them only 
by the assumption of a final cause acting for a definite < 
purposi^ {catisa finalis). In several passages Kant emphati-* 
cally remarks that, from a strictly scientific point of view, 
alt phenomena, without exception, require a mechanical 
interpretation and that mechanism alone can offer a trite 
eocplanation. But at the same time he thinks, that in regard 
to living ^natural bodieg, animals, and plants, our human 
power of comprehension is limited, and not sufficient for 
arriving at the real cause of organic processes, especially at 
the origin of organic' forms. The ngftf of human reason* 
to explain all phenomena mechanioaUy is unlimited, he 
says, but its piywer is limited by the fact that organic 
nature can be conceived only from a teleological point of 
view.” 

- ■ - 

, P. 228. Hegel, Logih, A., H, pp. 2?47-8, B., II, p. 404 : 

“ But simple Life not only is omnipresent, but is just the 
persistence and immanent substance of its objectmty ; as 
subjective substance, however, it is impulse~the specific 
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impulse of the particular distinction, while equally essei\tially 
it is the oi\e and uniyersal*impulse of the r«pecific, which 
leads back into unity this its particularisStion and there 
preserves it.” 

P. 229 (1). Hegel, Logik, A., II, pp."261-2, B„ II, pp. 414-5 : 
“According to this side the intro-Keflection of the Kind 
is that by means of which it obtains actuality, because the 
moment of negative unity and individuality is posited in it 
— the propagation of living generations. The Idea (which, 
as Life, is still in the form of itnmcdiacy) falls back into 
actuality in so far, and this its Reflection is only repetition , 
and the infinite progress in wliich it does not emerge out of 
the flnitude of its immediacy. But this return into its 
first Notion has also this higher side, that the Idea has 
not only run through the mediation of its Processes within 
immediacy, but also by this very fact has transcended 
tj^iem and has thereby raised iteelf into a higher form of its 
existence. 

For the Process of the Kind (in which the single Indi- 
viduals cancel in one another their indifferent and immediate 
existence and die away in this negative unity) has further, 
and for the other side of its product, the Realised Kind, 
which has posited itself as identical with the Notion. In ' 
the Process of Kind the separated individualities of individi;^ 
Life perish ; the negative identity in which the Kind returns' 
into itself is (a) the creation of individuality, but (5) is also its 
trai^cendence : it is thus the self-coinciding Kind, or 
universality, which becomes for. itself, of the Ided'. Ii^ the 
process of generation the immediacy of living individuality 
perishes : the death of this Life is thf emergence of Spirit. 
The Idea, which as Kind in. itself, is for itself, since it has 
transcended its partieularity which constituted the living 
generations, and has sb given itself a reality, which is 
itself simple universality : 'it is thus the Idea which is 
related to itself as Idea, the.universal which has univetsality 
for its determiiiater^ and existence, or, the Idea of 
Cogniiion.^' 

P, 229(2). Hegel, ErvtsyklopSdie, C., I, pp. 88-4, D., 
pp. 81-2 ; “ Touching this prfhciple ft has been justly dbserved 
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that in what we call Experience, as distinct from mere single 
perception of tjingle facts, there are *two elements* The 
one is the matter, infinite in its multiplicity, and as it stands 
a mere set of singulars : the other is the form, the charao-* 
teristics of universality and necessity. Mere experience no 
doubt offers many, perfiaps innumerable, cases of similar 
perceptions: but, after all, no multitude, however great, 
can be the same thing as universality* Similarly, mere 
experience affords perceptions of changes succeeding each 
other and of objects in juxtaposition ; but it presents no 
necessary connection. If perception, therefore, is to 
■^maintain its claim to be the sole basis of what men hold for 
truth, universality and necessity appear something illegiti- 
mate : they become an accident of our minds> a mere custom, 
the content of which might be otherwise constituted than it 


P. 229 (4f). Hegel, Enzyklopddie^ C., I, pp. 26-7, 
e p. 29 : “ In Nature nothing else would have to be dis- 
cerned, except the Idea : but the Idea has here divested 
itself of its proper being* In Mind, again, the Idea has 
asserted a being of its own, and is on the way to become 
absolute.’’ 

9. 288. Hegd, Lpgik, A., 1/2, pp, 205-6, B., II, p. 177 ; 
“ The Contingent therefore offers two sides. Ilrst, in 
so far as it inunediately contains Possibility, or (which is 
the same thing) in so far as Possibility' is in a transcended 
stated it,' it is neither positedness nor is it mediated, but 
is immediate Actualit;^ ; it has no Ground. This immediate 
Actuality belongs to the Possible too, and therefore it is 
determined equally as. the Actual and as contingent, and 
thus is groundless as M’ell. * 

But, secondly, the Contingent is the Actual as a tuerely 
Possible or as a positedness ; and similarly the Possible as 
formal Being‘-in-Self is merely positedness. Thus neither 
is in and for itself, but each lias its veri^ble intro«Reflection 
in an Other : or,' it has a Ground.* 

The Contingent, then, has no Ground because it 4s con- 
tingent; and, equally, because it - is contingent, it has a 
Ground." 
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P. 285. HeinS, Collected Works, III, RomaBzero, Diaput, 
p. JS6. 

Gift nicht mehr der Tausves JontofiT 
Was soil gelten ? Zeter 1 Zeter ! 

Rache, Herr, die Missetat, 

Strafe, Herr, den Obeltate? ! 

(Now law and prophet get no heed ! 

What shall prevail ? O help 1 0 help t 
Revenge, O Lord, the evil’ deed. 

Punish, O Lord, the evil-doer !) 

P. 240 (1). Hegel, Logik, A., 11, pp. 85-6, B., 11, pp. 284-6 : 
V Now this general Notion which is here to be considered 
contains the three moments of Universality, Particularity, 
and Individuality. The distinction, and the determinations 
which result in the process of distinguishing, constitute 
the side , which before was called positedness. . This is in 
ike Notion identical with Being-in-and-for-Self, and thlre- 
fore eacli of these moments is- whole Notion as much as 
determinate Notion or as one determination of the Notion. 

At first it is pure Notion or the determination of Uni- 
versality. But the pure op Universal Notion is also only 
a determinate or Particular Notion, which plao^ itseR 
alongside of the others. The Notion is the totality, and 
thus in its universality or pure identical self-relatioif is 
essentially the fact of determining and distinguishing ; and 
therefore it contains in itself the standard by means of which 
this form of its self-identity, pencti^^ting and comprehending 
all the moments, equally immediately determines itself to be 
anl}f the Universal as against the distiMtncss of the moments. 

Secondly the Notion is hereby as this Particular Notion, 
or as the detenninate*Notion which is posited as distinct from 
othei?. 

Thirdly, Individuality is* the Notion which reflects itself 
out of distinction into absolute negativity. This at the 
same time is the mcfnent in which it has passed out of its 
identity into its othArnes|, and becomes the Judgment.” 

P. 2*i<0 (2). Hofmann, Ein*Jahrhundert chemischer Ear- 
schmg, pp. 58-4 : ” I harts already bad in mind the peculiar 
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trend of miitd which regrettably lamed sc&ntific researcli in 
our fatherlan^ during the first'two decades of this century. 
^Why should there be any need of observation ? These 
philosophers . of nature indeed already knew everything, 
or if they did not know it, at least they did not lack for 
words to deceive themfielves and others as to their absence 
of knowledge. We smile to-day at the exuberant phraseology 
in which they endeavdured to clothe the description of tSe 
simplest phenomenon,’ and at the fantastic \pietaphors of 
their would-be explanations, and it is difficult for us to 
understand how, many men, in part highly talented, could 
find satisfaction during a long series of years in this barren 
trifling. And what at. once estranges us is that it was 
precisely circles in Berlin in which these conceptions took 
deepest root.” 

P. 7-8 ; “ It is, of counse, known far outside tlie narrow 
bpunds of specialist circles that the first attempts to naturalise 
the winning of sugar ftom indigenous beets in our fatherland 
were carried out in the reign of Frederick Wilhelm III. 
But it was only in the most recent period that it has become 
common knowledge how greatly this naturalisation was 
facilitated and hastened by the personal action of the king j • 
it is ortly in the most recent period that the publication of 
official archives has convindngly proved at what an early 
stage the king granted his most energetic attention to these 
endeavours, and how during long and oftm troubled years 
he never tired of. helping towards the success* of these en- 
d^vours^ the great in^port of which was indubitable to 
his dear view, by unremitting sympathy and perspicacious 
support. 

P. 27 : Few at that time could stiH be inclined to regard 
diamonds as quartz that has come to consciousness qf itself 
or ‘ platinum as the paradox of silver wishing to occupy the 
highest stage of metallicity, which belongs only to gold ’ 

. . . fto which the following note] ; ‘^o these few belonged 
as late as 1850 evm Karl Bosmkrq^, ffom whose ‘ System der 
W issenschaft. Kin philosophisches Encheiridion * the p^sage 
quoted in the teset is taken. The passage s«ys,'^p. 801 , 
paragraph 475 : ‘ 8 . The notie metals are the heaviest 
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and at the samej;iine those which combine thS most extreme, 
ex^nsibility with the greatest contraction of fiieir cohesion, 
(a) Mercury repeats at this Stage the peculiamty of the light 
metals of fusing easily with other metafi. Its dynamic 
excitability is so great that it becomes liquid at heightened 
temperature and solidifies only at a very low one. (i>) Silver 
is the higher reproduction of the base metals. Brittle, 
dirty white platinum is, it is true, specifically somewhat 
heavier than gold, but basically only a. paradox of silver, 
wishing to occupy already the highest stage of metallicity. 
This belongs (e) only to gold, which as the heaviest metal 
is at the same time the most expansible, and with the 
exception of chlorine is unattached by all chemical powers., 
In it metallicity reaches complete saturation and hence 
also it encounters us laughing with the warm shine of a pure 
lovable yellow.’ ” ' 

P. 248 (1), Hegel, Logik, A., I/l, p. 268. B., I, p. 245 : 

And what causes thought to fail and produces the fall and 
^e dizziness is nothing else than the weariness of repetition, 
where the limit is made to vanish, return, and vanish again 
perpetually, and the hither to arise and perish in the beyond, 
and the beyond in the hither, one after the other, and the 
one in the other ; which only causes a feeling of the impotence 
of this infinite and this ought, which would master tne finite 
and cannot.” 

P. 248 (2). Hegel, EnzyklopUdie, C., p. 57, D., p. 66 : “ When 
the record adds that God drove men out of the Garden of 
Eden to prevent their eating of the tree of life, it cJhly i^ieans 
that on his natural side certainly man is finite and mortal, 
but in knowledge infinite.” 

P. 249. Hegel, LSgik, A., I/l, p. 286^7, B., I, p. 220 : 
“ Arithmetic contemplates Number and its figures ; or, 
rather, it operates with them and does not contemplate. 
For Number is indiijerent determinateness and inert ; it 
must be actuated and brought into relation from without. 
The different methods of«relation are the species of calcu- 
lation. ,In arithmetic they are enumerated in series, and 
it is evident that they are mutually dependent. But arith- 
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metic does give prominence to the thi;pad which guides 
their, progreis. However, the systematic arrangeipient 
which the e:^ition of these' elements in the text-books 
justly'claims, results easily from the conceptual determination 
of Number itself.” 

P. 256. Wiedemann* II, p. 685-6 : “ The introduction 
of a fimctioh which coincides with Weber’s law at a finite 
distance but deviates from it at molecular distances cannot, 
therefore, solve the contradictions under consideration.” 

P. 257. Hegel, EmsyklopSdie, C., I, pp. 205-7, D., p. 198 ; 

.. “ Intensive magnitude or Degree is in its notion distinct 
from Extensive magnitude or the Quantum. It is therefore 
inadmissible to refuse, as many do, to recognise this dis- 
tinction, and without scruple to identify the two forms of' 
magnitude. They are so identified in physics, when difference 
of sp^ifle gravity is explained by saying, that a body, with 
a specific gravity twice that of another, contains within t^^ 
same space twice as many material parts (or atoms) as the 
other. So with heat and light, if the various degrees of 
temperature and brilliancy were to be explained, by the 
greater or less number of particles (or molecules) of heat and 
light. No doubt the physicists, who employ such a mode 
of expiration, usually exclude themselves when they are' 
repionstrated with on its untenableness, by saying that the 
expression is without prejudice to the confessedly un- 
knowable essence of such phenomena, and employed merely 
for greater convenience. This greater convenience is 
meai^ to 'point to the easier application of the calculus: 
but it is hard to see why Intensive magnitudes, having, as 
they 8o, a definite mf^iserical expression of their own, should 
not be as convenient for calculation as Extensive ms^itudes. 
If convenience be all that is desired, sfirely it would be more 
convenient to banish calculation and thought altogether. A 
further point against the apology offered by the physicists is, 
that to engage in explanations of this kind is to overstep the 
sphere of perception and experience,^and to resort to the 
realm of metaphysics and of whajfc at other times would be 
caUed idle or even pernicious speculation. It is ceiijbalnly a 
fact of experience that, if one of two purses fiUed vrith 
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shillings is twice as heavy as the other, the reason must, be, 
that the one jontains, tw<5 hundred, and other only 
one hundred shillings. These pieces of mon%y we can sec 
and feel with our senses : atoms, molecules, and the like, 
are on the contrary beyond the range of sensuous perception, 
and thought alone can decide whether they are admissible, 
and have a meaning.” 

P. 258, Madler, p. 44 : ‘‘ The most important passage 
that has come down to us in this connection is that of 
Jrisiarehm of Samos. ‘The earth,* lie says, ‘revolves on 
its axis and at the same time in an inclined circle round the 
sun. This circle, however, in relation to tlic distance of 
the fixed stars has only the relation of the centre to the 
periphery, and consequently wc cannot perceive the motion 
of tile earth by the fixed stars,’ Certainly the truest and 
most eorreet thing that could be said at all in an epoch when 
it bad not at all been jnadc dear wiiat it really was thatha^l 
to be explained.” 

P. 250 [1). Wolf. Gefivbivhie der p. 818 In 

fact, at that time he had not only seen mountains in the 
"•moon, but liad even already attempted to determine the 
height of some of thcnH-he had distinguished forty«stars 
in the Pleiades, he had discovered some other similar aggrc; 
gations of stars in Orion, Cancer, etc., and had recognised 
tliat the shining of the Milky Way, attributed even by 
Aristotle to meteors, in ae<^ordance with the guess already 
put forward by Demovritiift* was tke united Hglft of ^in- 
numerable small stars. ...” ^ 

• P, 25U (2), Guthrie, Magnetifim and ^HevirivUif, p, 268 J* : 
“ Let us for brevity ealfa circular current when it moves 
rotind fipm our aspect in the direction of the hands of a watch, 
luul — when in tlie oppositeMireetion. 'i'hen the current 
around the S. pole wdic^i it faces us is 4 , that around tlie 
N. pole is Then ilu^ attraction between N. and S., 
fig. 288, is due to tlic^ neighbouring and prevailing parts 
of the currents moving in the same direction. With like 
poles, and N',, and S. and S'., the neighbouring currents 
are moving in opposite direetftms, aitd there is. ae<‘ordingly, 
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repulsion. This attraction or repulsioh extends along the 
whole length** pf two magnete put fide by side, fig. 288 , 
where the letters u and d denote whether the current is 
emerging from, or entering the plane of the paper. Notice 
here the entire similarity between this figure and fig. 218 , 
Art. 267 , where spiral currents alone acted on one another. 
Further, if (fig. 289 ) the unlike ends of two magnets are 
presented to one another, they attract, because their 
Ampireian currents are parallel and in the same direction. 
Like poles repel, because their currents arc in opposite 
directions.” 

P. 264 . Grove, p. 211 : “ The voltaic battery affords 
us the best means of ascertaining the dynamic equivalents 
of. different forces, and it is probable by its aid that the* 
best theoretical and practical results will be ultimately 
attained.” 

P. 264 . Thomson, Thomas, p. 358 : “ Coulomb demon* 
strated that it is a consequence of the law, that the particles 
of electricity repel each other inversely as the square of 
their distance, that the electricity when accumulated in a 
conducing body is distributed totally on the surface of the ’ 
body, "and that none of it exists in the interior of the body.’ 
He showed likewise the truth of this law experimentally.” 

P. 264 . Thomson, Thomas, p. 866 : “This subject 
attracte<|.the attention of M. Poisson, who applied to it all 
the resources of the mos£ refined calculus, and determined the 
thic^ess of the coating of electricity upon bodies of different 
forms from the hypothesis that positive and negative elecv 
tricity are t'^o fluids, the particles of each of which repel 
each other with forces varying inversely as the square of the 
distance ; while the vitreous electricity attracts tlie rtsinous 
with forces varying according to the same law. He showed 
that the exterior surface of the electrical coating coincides 
with that of the body, and that as tlje coating is very thin, 
the interior surface is but little distant from it. In a sphere 
both the exterior and interior surfaces are sphericafe and the 
centre of these surfaces is the sqpie with that of the centre of 
the body.” 
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P. 265. ThoiAson, Thomas, p. 860 : “ Ele<^ricity, then, 
is ali deposited on tile surface,of bodies, and thinly obstacle 
to its leaving that surface and being instantly dissipated, is 
the pressure of the atmosphere.” 

P. 265. Thomson, Thomas, p. 878-9 ; “ Faraday has 
drawn the following conclusions from his experiments 

1. All bodies conduct electricity in the same way from 
metals to lac and gases, but in very different degrees. 

2. Conducting power is in some bodies powerfully increased 
by heat, and in others diminished, yet without our perceiving 
any accompanying essential electrical difference either in the 
bodies, or in the changes occasioned by the electricity < 
conducted. 

, 8, A numerous class of bodies, insulating electricity of 

low intensity when solid, conduct it very freely when fluid, 
and are then decomposed by it. 

4. But there are many fluid bodies which do not . sensibly 
conduct electricity of this low intensity ; there are sofbe 
which conduct it without being decomposed ; nor is fluidity 
essential to decomposition. 

5. Thbre is but one body yet discovered, the periodide of 
mercury, which, insulating a voltaic current when solid 

. and conducting it when fluid, is not decomposed in the latter 
case. 

6. There is no strict electrical distinction of conduction, 
which can yet be drawn between bodies supposed to be 
elementary, and those known to be compound.” 

P. 265. Thomson, Thomas, p. *400 : “ ‘ The spark is a 
discharge or lowering of the polarised i^uctive state of inany 
I dielectric particles, by a particular iration of a few of the 
particles occupying a Yery small and limited spdee.’ Faraday 
conceives that ‘ the few particles lyhere the discharge occurs 
are ndt merely pushed apart, but assume a peculiar state, a 
highly exalted condition for the time ; that is to say, have 
thrown upon them ai the surrounding forces in succession, 
and rising up to prop(>rtionate intensity of condition perhaps 
equal to that of chemicafly combining atoms, discharge the 
powersf possibly in the same manner as they do theirs, .by 
some operation at present jmkno^ to us ; and so the end 
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of the whole . The ultimate effect is exactly u« if a metallic 
particle ha< 4 ,been put into 4110 pl^ce of the discharging 
particle ; andnt does hot sefem impossible that the principles 
of action, in both cases, may hereafter prove to be the same.’ 

I have given this explanation of Faraday in his own words, 
because I do not clearly understand it.” 

P. 265. Thomson, Thomas, p. 405 : " When a given 
quantity of electricity occasions a spark by parsing from one 
body to another, its brilliancy is always the greater the 
smaller the size of the body ftx>m which it is drawn 4 hence it 
happens that more brilliant sparks may be drawn from a 
small brass knob, fixed to the prime conductor of an electrical 
machine, than from the prime conductor itself. A short 
spark is always white; but a very long spark is usually 
reddish, or rather purplish. When we draw a spark from 
the prime conductor of an electric machine, by means of a 
metallic knob, the spark is white ; but when we draw it J^y 
tfie hand it is purple: If we draw it by means of a wet plant, 
or water, or ice, the colour is red. The same spark will 
vaiy in colour according to its length. When short it is 
always white, when very long it is purple or wlet. A 
spark, which in the open dr does not exceed a quarter of an * 
inch ip length, will appear to fill the whole of an exhausted 
receiver, four inches wide, and eight inches long. In the 
fe'hner case it is white, in the latter tlie light is very feeble, 
and the colour violet.” 

P. 266^(1). Thomson, Thomas, p. 409-10 : ” It was an 
opiiflon maintained about thirty years ago, by many eminent 
experimenters in Germany, that the electric light is of the 
same nature with fire, and that it is formed by the union of 
the two electricities. This opinion Appears to have been 
first stated by Winterl ; and, unless I misunderstandJRitter, 
he seems to have entertained- the same sentiments. But 
this opinion, though it appears at first sight plau.siblc — 
and though it would be very conveniefN: to be able to account 
so well for the analogy which obviously exists between fire 
and electricity — will not bear a ^igid examination. Every 
person who has seen an electric spark, mu.st be avrare that 
the passage is so instap.taneoiAS that it is impwatible to 
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say* from which p<nnt it proceeds, or to whi^ it goes. If 
the spark be long,, tlikt is to say if the disttgice between the 
two knobs between which it passes be considerable, the 
presence of the two kinds of electricity may be at once . 
observed. Suppose one of the knobs attached to the prime 
conductor of an electrical machine, and the other attached 
to a conduction body connected with the earth — ^the portion 
of the spark nearest the prime conductor of the machine 
exhibits alF the characters which distinguish positive 
electricity — while the portion of the spark nearest the other 
knob, exhibits the characters of negative electricities. When 
two charged bodies are placed within the striking distance, ' 
no spark will pass unless the one body be charged with 
, positive, and the other with negative electricity. The two 
electricities arc attracted towards each other, advance at 
the same instant from each of the charged bodies, and 
imiting together somewhere between the two knobs, all 
symptoms of electricity are at an end. When a sparl? is 
short, the whole distance between the two knobs through 
which it pa.sses, is equally illuminated ; but when the 
spark isplong, those portions of it which are next the knobs, 

, are much brighter than towards the centre of the spark. 

, Near the knobs the colour is white, but towards tiip centre 
of the spark purplish. Indeed, if the spark be ve^ l&ng, 
the middle part of it is not illuminated at all, or oiily vary 
slightly. Now, this imperfectly illuminated part is obviously 
the spot where the two electricities unite, and it is in conse- 
quence of this union that the light is so imperfect.” 


P. 268 {2). Thomson, Thomas, jgp. 415-16: “,With 
, respect to the kind of electricity, M. ti^essaignes found that 
when the mercury • ip the barometer is rising, and the 
temperature of the atmosphere becoming colder, ' glass, 
ambef, and sealing-wax, cotton, silk, and linen, when 
plunged into mercury, are fdways negative ; but they are 
positive when the barometer is falling, and the atmosphere 
becoming warmer, ^Julphur was always positive. During 
summer he always foimd* these bodies positive in impure, 
and negative in pure, mercury. , • * . 

Cold, as well as heat, ^estroyi the electricity in these 
experiments,” 
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P. ^66 (8). ’]^omson, Thomas#.p. 4tl9 Xn order to prodtice 
thermo-dectric effects, it is not necessary to apply heat. 
Anything ,whi^ alters the temperature in one part of the 
chain, from that of the rest, occasions a deviation in the 
declination of the magnet : for example, if we produce cold 
in any part of the antimony bat, by applying ether to it, imd 
allowing it to evaporate ; or if we cool it by the application 
of ice. The greatest effect of all is produced onjthe magnet, 
when one part of the bar is heated, and the other cooled. 
It is evident from this, that the evolution of electricity 
depends upon the difference in the temperature of different 
*parts of the metallic chain.” 

P. 266 (4). Thomson, Thomas, pp. 487-8 ; “Now, as bodies 
are attracted by those in a different state of excitement from 
themselves, it follows that oxygen, chlorine, bromine, and 
iodine, and acids, would not be attracted to the positive 
pole, unless they themselves were in a negative state ; no5 
•would hydrogen and bases be attracted to the negative pole 
unless they were in a positive stete. From this it has been 
concluded that bodies which have an attraction fSr each 
other are in opposite states of electricity, and that it is to 
.these opposite states that their attraction for each other, • 
and their union with each other is owing. The current of 
decteicity destroys their imion by bringing them into the 
same dectrical state. In consequence of this view, which is 
at least exceedingly ingenious and plausible, bodies have 
been divided into two sets, those which are negative, and 
thoseVhich are positive.” 

P. 267 . Wiedemann? II, p. 418 : “ These phenomena have 
an interest that is more chemical than physical; conse* 
quentljr we have only briefly mentioned them.” 

* 

P. 801. Wallace, p. 229: “In the following passage 
from lamblichus on Divination, quoted in Maurice’s MwtA 
and Metaphysical Philosophy, we And* mention in a short 
space of a number of the most startfing phenomena of modem 
Spiritualism : . • • 

‘ Often at the moment of inspiration, or when the afflatus 
has suicided, a fleiy appearance is seen— the entenng pr 
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departing power. Those whp are skilled in thj,s wisdom can 
tell by tiic character* of this glory the ranl^ of the divinity 
who has seized for the time the reins of the mystic’s soul, 
and guides it as he will. Sometimes the body of the man is 
violently agitated, sometimes it is rigid and motionless. 

In some instances sweet music is heard, in others discordant 
and fearful sounds. The person of the subject has been 
known to dilate and tower to a superhuman height, in other 
cases it has been lifted* into the air. Frequently not merely 
the ordinary exercise of reason, but sensation and animal life 
would appear to have been suspended ; and the subject of the 
afflatus has not felt the application of fire, has been pierced 
with .spits, cut with knives, and not been sensible to pain.’ ” 

P. 802. Wallace, pp. 187-8 : “ The accounts of .spirit- 
photography in several paits of the United States caused 
many spiritualists in thi.s country to make experiments, but 
Sot a long time without success. Mr. and Mrs. Guppy, >7110 
are both amateur photographers, tried at their owii house, 
and failed. In March, IsH, they went one day to Mr. 
Hudsow’s, a photographer living Jiear them (not a .spiritualist) 
to get some cartes de visits of Mrs. Guppy. After the sitting 
the idea suddenly struck Mr. Guppy that he would trj>’ for 
a spirit-photograph. He sat down, told Mrs. (?. to go 
behind ihe background, and had a picture taken. Tlscre 
came out behind him a large, indefinite, oval, white patch, 
somewhat resembling the outline of a draped figure. Mrs. 
Guppy, behind the background, was dressed in bljicfc. This 
is the first spirit-photograph tak^n in England, mA it is 
perhaps more satisfactory on account, of the suddenness of 
the impulse under which it was taken, and the great white 
patch which no impostor would have attempted to produce, 
and which taken by itself, utterly spoils the picture. A 
few days afterwards, Mr. 8i,nd Mrs. Guppy and their little 
ahoy went without any notice. Mrs. G. sat on the ground 
holding the boy on a stool. Mr. Guppy stood behind 
looking on. The picture thus produced is most remarkable, 
A tall female figure, flatly draped in white, gauzy robes, 
standsodirectly behind and above the sitters, looking dpwn 
on them and holding its <{pen ha^ids over their heads’, as if 
giving a benediction. The face is somewhat Eastern, and, 
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with fthe is beautifully^ delined.' The white robes 

pass behind sitters’ dark figures 'without in the least 

showing through. A second picture was then taken as soon 
as a plate could be prepared, and it was fortunate it was so, 
for it resulted in a mogt remarkable test. Mrs. G. again 
knelt with the boy ; but this time she did not stoop so much, 
and her head was higher. The same white figure comes 
out equally well defined, but it has changed its position in ’a 
mnntiCT exactly corresponding to the slight change of Mrs. 
G.’s position. The hands were before on a level ; now one is 
raised considerably higher than the other, .so as to keep it 
^about the same distance from Mrs. G.’s head as it was before. 
The folds of the drapery all correspondmgly differ, and the 
head is slightly turned. Here, then, one of two things arc 
absolutely certain. Either there was a living, intelligent, 
but invisible being present, or Mr. and Mrs. Guppy, the 
photographer, and some fourth person, planned a wicked 
imposture, and have maintained it ever since. Knowing 
, Mr. and Mrs. Guppy so well as I do, I feel an absolute con- * 
victiott that they are as incapable of an imposture of this 
kind as any earnest inquirer after truth in the department of 
natural seience.” 

e 

' P. 8(f6. Davies, Mystic London, p. 819 ; “ As a final . 
boiatc bouclie the spirit made its exit from the side of the 
folding door eovered by the curtain, and immediately Miss C. 
rose up with dishevelled locks in a way that must have been 
satisfactory to anybody who knew nothing of the back door 
and the brawny servant,* or who had never seen the late 
Mr. Charles Kean act in the ' Corsican Brothers ’ or the 
* Courier of Lyons.’ ^ 

I. am free to confess, the final deathblow to my belief that 
there might be ‘ sometliing in ’ the Pace Manifestations was 
given by the effusive Professor ^ho has ‘ gone in ’ for the 
Double with a pertinacity altogether opposed to the calm 
judicial examination of his brother lea|[ied in the law, and 
with prejudice scarcely becoming a 
P. 810. Huxley, Letter to the Uommittee of the London 
Dialeatical Sodety, Daily Netps, 17, X, 1871. 



BIBLI0GR4PHY 


Ai.KMUKirr, (V (Jean !(‘ liond). Traiid de dtpmmiqttCf Paris-. 
I>avid rafnts 174U, 

Aij.man, J, Ueeent pro#»ress in our kno\vle<lge of the eiliate 
infiiisorm. Xature^ Vol. XII, pp, IJO-T, 155- 7, 175 7, 1875. 

BoHstn*, diaries, Traitis de calcul diff^rentiel ct de calnd i7ite*gra!, 
2 vols. Vol, I, l*ariH. L'itupnmcrie de lu Uepublique. 1795. 

BiH'iinku. 1-ouis, A. Kraft and tStoff. 7ih edition. 

Themior Thotnas, 1802. 

B. Knj^Iish translation: Force and Matter. Translated 
by J. h\ Coilingwood, 2nd edition, eonipjetcd from the 10th 
(ycnmm editioru London. 1870, 

C'ahnot, S. K0e.vwn,*i .v//r /a paimnwc motrice dn fea el st?r les 
waehineH proprett d dmdoppn ceffe paimmce. Paris, Baehelier„ 
1824, 

C‘i,.vrswi's, H* A. Obcr den ztveiten Hanptaaiz der mechaniseheN . 
lydrmcilieork*. Braunschweig, Fr, Vieweg und Solm, 1807, 

B. Die mechanische Wdrmetheorie. 2iul edition. Vol, J, 
BniunHchweig. Kr, Vieweg und Sohn, 1870. \ 

CaoLi,. .fanie.s, Climate and Time in their (kologkai Jielatiomt. 
I^mdon. Daldy, Ibister and Co., 1875. Reviewed by J. F. B, 
in Xatare^ Vol. XII, pp, 121 141-4,. 

Dahwin% Charles, The Origin of Species. 0th edition, London, 
John Murray, 1878. . ^ ^ 

Davii*>», Charles Maurice, Mystic London. London, Tinsley 
BrtAhers, 1875. ^ 

Draper, John William. Hisiotif of the VtUellectml Development of 
Europe. 2 vols. London, Bell and Daldy. 1804. 

F^arAjay, MieliaeL EiVperijinoital Researches in KleeirlHty. 
8 vols.> V<iL I. London, Bernard Qiuiriteh, 1880. 

Fick, A<lo!f. IXe in ihrer Weehselbeziehung. Popular 

leetureH. Witohur^, Stahel, 1809. 

C^AiAANi. Fetdinando, l%lhi moneitu In : Serittofi elassiei 
HaMni di eeonomia politiea. Val, IV* Milano, Nella Stampcrla 
e Fonderia di O, CL DcsteJaniH. 18(18. 

571 



37^ DIALECTICS OF NATURE 

Geblaxo), E. <Leihnizen^s und Huygens^ SnefiSechsel mit Papin 
BCirlin, 188 ^. . . 

Grove, W. R. TShe Correlcdion of Physical Forces, *8rd edition. 
London, Longman, Brown, Green and Longmans, 1855. 

Guthuie, Frederick, Magnetism and Electricity, In : ColIin*s 
Ad^stneed Science Series. London and Glasgow, William 
Collins, Sons and Co., 1876. 


XLeckel, Ernst. A. Anthropogenic odet EntmckeUiyigsgeschicMe 
des Menschen, Leipzig, Wilhelm Engelmann, 1874. 

B. Natilrliche Schdpfungsgeachiekte, 6th edition. Berlin, 
Georg. Reimer, 18T4. 

C. English Translation ; The History of Creatim, revised 

by Professor E. Ray Lankester. 2 vols. H. S. King Co*. 
London, 1876. 

D. Die' Perigenesis der Plastidule Oder die WeUenzeugung der 
Lebemteilehen, Berlin, Georg. Reimer, 1876. 


Hegel, Georg. Wilhelm Friedrich. Collected Works, Berlin, 
Dunckcr und Humblot, 1882-<46. 


\ Wissenschaft der Logik, Vols. III-V. 1888-4, 

B. English translation : Sdmee of Logic, 2 Vols. Londoif 

Allen and Unwin, 1920. 


C. Enzyclopddieder philosophischen Wissenschaften im Grundrisse* 
Parti. Logik, VoLVI. 1842. t 

?• “;r translation ; The Logic .of Hegel. Translated 

by W. Wallace. 2nd edition. Oxford, Clarendon Press, 
1802. * 


^ Enzgeloplldie der philosophiachen Wissenschaften im Grund-^ 
tfese. Part 11. Forleswngen nber die Naiurphitosophie. 
Vol. XII. 1842. ^ 


vTTr^r"”^®" ^ GescA«;A<e der PMlosopMe. Vols. 

XIII— XV* 1 888—6 . 


H£I.m<!oi,tz, H. a. PoptOire wiasenschafUiche Forirdiiie. Sheets 
Friedrich Vieweg und Sohn, 1868, 

1871 , 1876 , ^ 

Ober die ErhiOlung der Kraft. Berlin, G. Beimer, 1847. 

Htmcam, Axig. Wilhelm. JEHn JeSirhundert. ehenHseber 
imschungen unter dem Sehtnne dp- Hohetmllem.* In; 
Chemise^ Ermnemngen ana der Herliner Vergangenheit. Berlin. 
August Hirschwald, 1882, ^ ^ 


Kant, Immanuel. Collected Works. Berlin, Georg Reimer. 

lUlU— 11. 

^^^tnken con der Wahrot SehUteurtit der lelnfruHium 
Krilfte,Vt‘i.. 



BIBLlOGKAPIiy 


B. Vol. L Lhiteuuchwng der Frage oh die Krde^m Hirer Umdre- 

hung uni die Achse^einige ¥crandenmg seit (pen ersteirZeiten 
erlitten hahe, 1754. ^ 

C. Vo!. I. Allgemeine Naiurgeschichte mid Theotie des UimmelSn 
1755. 

D. VoL III. Kritik der rcinen VemimfU 1787. 

August. Die zvissenfickafiliche Ziele und Leistungen der 
Chetnie. Bonn, Max Colien und Sohn, 1878. 

Kjuchiioff,, G ustav, Votlcmngen uber muthematische Physik. 
Meciianik, Leip/Jg, B. (i. Teubnor, 1870. 

KoHLnAY'Hcn, 1^\ Das eleetnscke Leitungsvermdgen der tvdsserigen 
Ldsungen vm den Ilydraten und Salzen der leichtcn Meudle* 
sowie von Kupfervitriol, Zinkvitfiol und Silbersalpetcr, In.'* 
Annalen der Physik und Chmie. New Series, 
Voi. VI, No. 1. Lcip'/ig, Barth, 1821). 

Kopi*, Hermann. IHe Fntwieklung der Cheniie in der neucren 
• ZeiL In Oeschichte der Wissemchafien in Deutschland. Vol. X, 
Part 1. Munehen, R., Oldenbourg, 1871. 

Laplaciv, 1\ H, Traite dc inManique celeste. 5 vols. Paris, 

I. B. M. Duprat, 1700. 

Lavro\', P. J#. Opyt istorii mysli. (Attempt at a History of 
I'hougiYt.) Vol. 1. St. Petersburg, published by the journal 
Znanj/e^ 1875, 

JLinma. Justus von. Chemische Briefe. Leipzig und Heidelberg, 
i\ F. Winter, 1805. 

Lubbock, John. Ants, Bees and London, JCcgaii 

Paul, Trench & Co., 1882. Reviewed by G. J. Rbrnunes in 
Nnltira, VoL XXVI, pp. 121-8. 

Madlkb, J. H. Det Wundjcrhau ^es WeltaHs^ dJier jiQpuldre 
Astromnnie. 5th edition, Berlin, Carl Heymann, 1801* 

MAX\via,L, J. Clerk. Theory of IJfeJu London, l-ongmans, 
.Green & Co* 1871. 

MAYKtt, J. It. A. Jimerkungen Uber dir. Krafte der unbelebten ^ 
SHlur. In ! Annalen der Chemie und Pkarmade, von !•>» 
Wtthler umi J. Lichig, VoTi. XLII. Heidelberg, C. F. Winter, 
i«4a. 

li. Die Mechanik der W'drwe, In ; Collected Writings, Stuttgart 

J. Ci, Cotta, 1867. -* 

Mtiviin, Lothur. J>ie Satur der ekemischen KlemenU nls Punktion. 
ihrer Atomgeieichte. In t Iriebig'a Annalen der &Hntie. 
Supplement. Vol, VII. I,eip«ig„C. F. Winter, 1870. 



87 | DlXLECtDlCS ISTAWEE 

NiiGKLi, C. vonr> Obet die Schranken der n(djiirwis8enBchaftlichen, 
Erkdmtnis. the oificidl rjepo|i: of the fiftieth meeting ^Df 
German scientists in Munich. Munchen,*F, Straub*, 187T. 

c* 

Natjmann, Alexander. Hnndbuch der allgemeinm und physU 
kaliHchen Chemie. Heidelberg, Carl Winter, 1877. 

Owen, Richard. On the of Limbs. Xxindon, 1840. 

Roscok, H, E.— ScHonnEMMEH, C. AusfUhrliches Lehrhuch 
der Cfiemie. 9 vols. Braunschweig, Fr. Vieweg und Sohn. 
Vol. I. Non-Metals, 1877. Vol. II. Metals and Spectral 
Analysis, 1879. 

Skcchi, P, a. Die Sonne. German edition. 2 vols. Brauns- 

r chweig, G. Westermann, 1872. 

SuTEB, H. Gesckichte der maiheniatischen Wis$ensch(^ten , Part 2* 
Zurich, Orell Fiissli & Co. 1815, 


Tait, P. G. Force. Nature, Vol. XIV, pp. 459-68. 1870. 

Thomson, Thomas. An Outline of the Sciences of Heat and 
Electricity. 2nd edition, London, Baillierc, 1840. 

Thomson, William. The Size of Atoms. Nature, Vol. XXVIII. 
, • pp. 203-5, 2.50-4, 274-8, 1883. 

Thomson, W., and Tait, P. G. a. Treatise on Natural JPhilo^- 
Sophy. Vol. I, Oxford, Clarendon Press, 1867. 

B. Handbmh der theoretischm Physik. German translation 
^by H, Hdmholtz and G. Wertheim, Vol. I, part 2. Braun- 
schweig, F. Vieweg und Sohn. 1874. Preface by H. Helm- 


Tvndall, John. A. Inaugural Address to the 4m meeting of the 
Bnitsh Association in Belfast, Nature. Vol. X, pp, 309-19. 

B. On the optical deportment of the atmosjihere in reference to 

'■’““".Vol. 


Vmcttow, Rudolf. Die 2^lularpalhologie. In Vorleaurieen ‘Otter 
Pa^ologte, VoJt I. 4th edition. Berlin, ^Hirwhwald, 1871. ■ 


Augsburg, .1. G. (’o^ta, 1874. I » 

W.VM.ACK, Alfred Russ^ell. On Miraclea and Modern Spiritmlim 
4 essays. London, James Bums. 187». ^ ' 

Induclive Menees.* Urd 

edition. J >ol.s. Loudon, W. Pijjrkcr & Son, 1837. 



liiBi.rooRAPiiY 375 

Wiedemann, Guaf^av. IHe. Lehre com GalvanisMu^ and Elektro- 
magnetismus, 2n(^ edition. 2 vols. Braun.seh'i^eig, F. Vieweg 
u!id Sohn, 1872-4. > * 

W0I4F, Rudolf. Geschichie der Astroiioinii. Im : Geschichte der 
Wissensekaften in Deutschland, Vol. XVI. Mimchen, Olden- 
burg, 1877. 

Wundt, Wilhelm. Lehrbuch der Bhysiologie des Menschen, 
2nd edition* Erlangen, Enke, 1868. 




INDEX 


Auhthaci* and Couorete, 2SS4 
AbstructionSi v^iutheiniitical, 162» 
218, 250, 815*^0, 818 
Accident, see climicc 
Agaainzt Imuis (1807-.187a), 175, 
177, 186, 846, 847 
Agji^tcgtttion, 157, 17H 
Alm^rU Jean te Jtond tV (1717 
1788), 50 dm, 71 
Amcebft, 180, 195 
Analysis, 160, 1B8, 208, 218 
Anatomy, 12, 214, 284 
Anaximander (611-540 b.c.), 245 
(550 »,c.). 245, 247 
Animals, domesticatlou of, 79, 
288 

Animals, production among, 18 
Apes, transition to men, 279 IT, 
Arabs, 1^4, 184, 216, 217 
AfchimedeH (287-212 ».c0, 214 
Aristarchm of Samos (270 b.c.), 
258, 868 

(884-822 B.C0, 22, 158, 
243, 244, 245, 246, 259 
Astronomy, 5, 14-10, 185, 186, 
214, 219-28, 259«6(), 868 
Asymptotes, 199 
Atheism, 152 
Atomic weights, 84, 257 
Atomistios, 154, 202, 268 
Atoms, 29, 81, 86, 180, 131, 175, 
817, 821, 829 

Attraction and Hepulsion, as 
basic forms of motion, 37 ff., 4*4, 
46, 47, 58, 157-60, 25% If. 
AKioms, mathematical, 161, 814 


Bacok, Fkancis lUftoN (1501- 
1626), 20a, 297 ^ 

Baeir, KaH Ernst mn (1792-1870), 
18, 187 

Barbarism, 217 

Bnthybigs, 16, 208, 851 2, 354 
Bscqitsret^ Antoine Cmtr (1788- 
1876), 185, 187 


Bessel^ Friedrich Wilhelm (1784- 
1840), 220, 223 

Biology. 5, 12-18, 88, 55, 251, 
320, 822 

Biology and Concept of species, 284 
Body, human and physiological 
work, 212- 8 ^ 

Botany, 5-18, 214, 215, 284 
Bourgeoisie, 1-8, 294 
Brain, 17, 18, 228, 284 ff., 289 
Brano, <?iord«»»o( 1548-1 000), 4, 184 
BiXehner, LouU (1824 -1899), 152, 

155, 385, 336 

Calvin, Jean (1509-1564), 3, 232 
Capitalism, 209, 210, 295 
CamoC Nicolas Z^onard Sadi 
(1796-1832), 61, 213 
Categories, biological itiapplloable 
to society, 209 

Categories, metaphysical and dia- 
lectical, 158-4, 183, 206 
“Causa Finalis *% 158, 173, J76 
822, 848, 850 

Causality, 158, 170-2, 178-4, 
348-0 

Cell, 12-4, 17, 154, 176. 180-2. 

190-7, 207, 291, 34<9-51. 

Cellular pathology, 154, 30^ 
Chance ^nd Necessity, 22, 224, 
228,. 230 -4, 358 
Chao8/165 

Chemical action, nature of, 36-3, 

156, 174, 197, 320-1, 824 
Chemical conditions for transition 

to man, 280 7. 

(Iiemical Ciiuations us dilTerential 
equations, 317 
Chemical force, 11, 107 -8 
('hemioul rays, 210 1 
Cheinnstrv* 5. 9, 11-2, 55, 88, 
104, 1H6, 214, 225,241, 25L260. 
* 261, 829 

(I'ltgmistry and atomistics, 262-8 



378 


INDEX 


Chentustiy anQ divisibility uf 
maUeir, 176 t 

Chemistry ana'' electricity, 88, 
147-8, 160-1, 2G7 
Chemistry and its terrestrial limi- 
tations, 146, 241, 200 
Chemistry of proteins, see p^’oteins 
Cicero, Marcus Tullius (100-48 
B.C.), 244) 245 
ClassiOcation, 226 
Class struggle, 210, 295 
Clausius, Rudolf Julius Emanuel 
(1822-1888), 24, 08, 74, 76, 
77, 78, 81, 157, 175, 182, 202, 
205, 215, 250, 261, 269, 888, 
851, 855 

Climate, 0, 18, 186, 288 ’ 
Cohesion, 157 

Cohn, Ferdinand Julius (1828- 
1898), 192 

Colding, Ludwig August (1815- 
1888), 47, 70, 288 
Communal ownership, 2, 294-5 
Communism, 184 * 

Coigite, Isodore Marie Auguste 
(1798^1857), 202, 209 
Concepts, 208, 224, 226 
Concrete, see abstract 
Consciousness, 18, 21, 201, 228-9, 
284 

Conservation of energy, 87, 47, 
88, 96, 114, 122, 128, 250, 201 
Contact<Cheory of electricity, 95 If. 
Contradictious in metaphysical 
thought, 9, 148, 100, 207, 819 
Cook, Florence, 808, 804, 805 
Copernicus (1473-1548), 4, 7, 185 
Correlation of growth, 282 
Cosmogony, Kant^LapIace, theory 
of, 4p ^ 

Coulmh, Charles Augustin de 
(1786-1806), 204 / 

Crises, 19, 209, 296 
Crookes, Sir William (1881^919), 
<808-5, 807-8, aiO 
CutHer, Georges, Baron (1769«* 
1882), 10, 186, 215 
Cyclical motion of matter, 24, 828 


Dalton, John (1700-1844), 11, 
88, 84, 202 

Darwin, Charles Robert (1809- 
188 2), 18, 19, 180, 198, 208, 209, 
284; 236, 280i 279. 2«&, 
289, 298, 828 


r 

Darwinist^, 18, 152, 229, 284-0, 
328 * 

Dames/Charles Mdiirice, 805, 868 
Davy, Sir Humphrey (1778-1820), 
250 

Death, 164, 341 
Decomposition, 188, 189 
Decomposition cell, 110, 118, U9, 
120, 121, 122, 128, 127. 129, 189 
Deduction, sec Induction 
Democritus (ra. 400-800 b.c*), 
259, 801 * 

Descartes, /femf (150<i-l050), 5, ll, 
87. 47, 57, 68, 69, 90, 108, 199, 
250, 258 

Descent, Lamarckian theory of, 
198 

Dessaignes, Victor (1800-1885), 
85, 200, 805 

Determinism, ,28 1 , 282 • 

Dialectics, 25 ff,, 88. 80, 158-4, 
150, 167, 104, 100, 208, 200-7, 
224, 287, 259, 209, 809, 814 
Dialectics in mathematics, 158-4, 
101, 198-200, 248-55, 250 # 

Differential calculus, 198, 200, 251 
Differential calculus, its proto- 
type in nature, 814-7 
Divisibility, 28, 154, 15y, 175 
Division of labour, 8, 10 
Domestication of animals, 79, « 
287-8 

Draper, John WiUiam (1811- 
1882), 24, 172 

Dubois^Reymond, Emil (1818- 
1B90), 185, 209 
Dynamics, 04, 270, 820 


Eaktu, 48, 105, 258, 271-8 
Electric motion, transformation 
of. 92-4, no, 182, 188 
Electric spark, 85, 80, 205, 882,^ 
806-7 ^ 

Electricity, 15, 78-9, 82 IT., 

208-7. 882-8 

ElectHdty, mechanical eii^valcut 

Klectrocheinistry, see Chemistry 
Electrolysis, 114 IT., 180-1, 268- 4 
“ Electrolytic process 1 14*8, 
122, m 

KKtiOtrolytic separation of gases, 
129 

Electromotive force, 184-8, 140, 
.. 144, 148, 149, 150 



INDEX 879 


“ Ele 9 ]tromotive law ”, 

Elements, cheniital, 821 ^ 

Empiricism, 84-8, 02, Of, 118, 
280, 258, 259, 208, 207, 309-10, 
827 

Energy, 11, 41, 48, 44, 47-0, 261-2 
Energy, Conservation of, see Con- 
servation 

Energy, transformation of energy 
in electricity, 117 ff. 

Entropy, 216 

Equilibrium, 29,30-1, 156, 169-70, 
201 

Equilibrium, relative, 23, 170 
Ether, 78, 90-1, 201, 258, 852 
Evolution, 12-8, 155, 162, 182, 
205-7, 226, 229, 285-6 


l»'ALLXNa, law of, 56-8, 190 
J^araday, Michael (1791-1867), 
78, 85, 86, 89, 90, 128, 125, 
259, 265, 266, 884, 866 
i»We, Pierre Antoine (1818-1818), 
m, 98, 96, 128, 129 
Pechner, Gustav Theodor (1801- 
1887), 87. 07, 185, 188 
Fire, 70-80, 287-8 
Firearms, 182-8 

Fixed stars, 8, 210, 220, 223* 241, 
• 818 

PUnmsteedy John (1646-1710), 210 
Force, 11, 87, 48, 46, 47, 40, 50-5, 
165-0, 178, 180, 881, 842, 846, 
852 

Force, conservation of, sec Energy 
Force (quantity of motion), 58-62 
Form and Content, identity of, 182 
Fourth dimension, 806-8 
PredeHck WiUiam, III (1770- 
1840), 177, 858 

Friction, 70, 77, 02, 156, 158, 
280, 257, 258, 275 If., 828 


i^AUhUU UaULI^o (1564-1642), 
56, 1^, too, 215 ; 

Qatl, Franz Joseph (1758-1828), 
298, 290, 800 

Galvanic current (and lottery), 
88. 89. 02-7, 102 ff.. 128-7, 
182, 180, 140, 141 • 

Geocentrism, 241, 200 
Gcograpiw, 12 

Geotogy, 5, 9* 10, 16, 168, 216 
Geometry, 190-814 


Geonietry, analytical, 5, 252-8, 
- 256 * 

'German Dialect, ^26, 227 
Germany and philosophy, 152 
God, 7, 9, 178, 175, 176-8, 346-7 
Goethe, Johann Wolfang von 
(174«^1882), 169, 176, 889, 
847, 848 

Gravitation, 41-2, 52-3, 172-8, 
205, 259 

Greek philosophy, 7, 18, 178, 
184, 204, 216-9, 244-7, 258-9 
Grimm, Jakob Ludwig Karl (1785- 
1868), 226-7 

Grove, Sir William Robert (1811- 
1806), 11, 99, 128, 174, 186, 
264, 848, 846 

Guthrie, Frederick (1888-1886), 
259, 861 


Haeckel, Ernst (1884-1919), 175, 
179, 180-2, 189, 205, 225-7, 
286, 240, 269, 270, 819, 820, 
.822, 828, 380, 846-58, 865-6^ 
HaUet, AXbrecht von (1708-1777), 
159, 880 

Halley, Edmund (1656-1742), 219 
Hand, 18, 281 

Heat, as a form of motion, 15, 
28, 77 ff., 166-7, 289, 267, 258, 
261, 816-7, 820, 882 , 

Heat, caloric theory of, 82, 89, 
204, 214 

Heat, local, 128-81, 184, 166^, 
201-2 

Heat, transformed into mechanical 
power, 11, 69, 70, 212-8 
Hegel, Georg Wilhelm Friedrich 
(1770-1881 ), passim. ^ 

Heine, Heinrich (1797-1856), 28, 
857 o 

Helmholtz, Hermann von (1821- 
1804)f 87, 41-7, 49-56, 60, 64, 
68, 72, 78, 74, 87, 183, 1^, 
106, 202, 248, 256, 261, 268, 
260, 270 

Heredity, 162, 200, 814. See also 
Darwinism 

Herschef, Sir Frederick William 
(1788-1822), ft, 220-228 
Htrschel, John (1702-1871), 221-2 
Histoiy, 1B«~0, 24“ 6, 157-0, 164, 
,204,209.216-8 

Xllstory, Dialectical laws of, 26, 
89, 167, 207, 814 



860 


1N0EX 


Hoffmann, Aifgmt WiVielm von 
(ms-i 802)^40, m 
Hume, Dnoid 171, • 

269 844 * 

Hnxtey, Thomas Uenry (1825- 
1895), 810, 852, 368 
Huygens, Christian (1029-1695), 57 
Hypothesis, 158-60, 824 


IdeaxjsM, 26, 160, 101, 289 
Identity, 319, 321 
Identity and difference, 133, 
162-8, 182-3, 198, 224, 341 
Immutability of nature, 6 
Impact, 77, 156, 158, 258 
» Impulse, first, 7-8, 173, 177, 216 
Individual, 181-2, 206, 240, 814 
Induction, 170, 203, 204f-5, 218, 
225, 226, 240, 347-8, 355 
Inelastic bodies, impact of, 67, 73 
Infinity, 164-5, 248, 313 ff., 
324 ff., 387 

Infusoria, 179, 181, 187 
Inirentions, 217-0, 314 
Ions, 111, 112, 117, 128, 186, 143 
I Ireland, famine in, 298 
Irrigation, in Egypt, 214 


Joule, James Prescott (1818- 
1889), 11, 47, 70, 89, 96, 238 
^ Judgements, 237-40, 285 

• 

Kant, Immanuel (1724-1804), 8t 
9, 12, 13, 38, 40, 56, 59, 155, 
160, 176, 186, 189, 227, 228, 
240, 242, 269, 274, 275, 276, 
380. 340,-348, 856 

Kektm von Siradowitz, Friedrich 
August (1829-1806), 150, 310, 
828, 329 

Kepler, Jo/mnn ^ (1571-ltoO), 5, 
185 

Kinetic energy* See “ Vis viva 
and Energy 

Kirchhoff, Gustav Bobeti (1824- 
1887), 64, 72, 74 

KAowledge, 159, 242-3, 248, 
824-8, 837 

Kohlrausch, Friedrich Wilhelm 
Georg (1849-1910), 112, 188,- 
140, 151 

Hermann (1817-1892), 205, 


I,ABOUR,^0, 19, 211-3, 230,279. 

See alw Work * 

Labou<*!l in transition from ape to 
man, 279 ff. 

Lamarck, Jmn BajHiste de (1744- 
1829), 18, 180, 193, 228 
Laplace, Pierre Simon, Marquis de 
(1749 1827), 8, 9, 15, 40, 155, 
15B, 165, 177, 186 
Lavoisier, Animne Laurent (1743- 
1794), n, 205, 262, 352 
Lavrov, Peter l 4 iivrom€h (1823- 
1900), 201, 352, 353 
Laws of nature, 18, 24, 15H-9, 
238, 239, 241-2, 202* 3, 313 ff., 
326, 338, 349 

Leibniz, Gottfried Wilhelm (1646^* 
1716), 5, 56-9, 61-3, 71, 81, 199 
Lessing, Gotthold Ephraim (1729- 
1781), 152, 334 * 

Liebig, Justus von (18034373), 
190, 191, 193-^5 

Life, 35, 104, 168, 175, 190-7, 341. 

See also Protein, Organic Nature, 
Light, 50, 79, 82, ,86, 01, J^3, 
817 

Light, as form of niotion, 11, 173, 
201, 210-1, 221, 323 
Linnaeus, Karl von (1207-1778), 
4-6, 170 

Logic, 153-5, 203, 225, 237-40, 
242, 830 

Luther, Martin (14831546), 3, 
4, 185 

Lyell, Sir Charles (1707-1875), 10, 
186 


MXdler, Johann IlKiNBiCH 
VON (1704-1874), 8, 14, 22, 
201, 210, 220, 222, 228. 258, 
352, 363 

Magnetism, 15, 44, 70, 82, 86, 
92, 160, 163, 166, 173, 206 

Malthusm Thomas Hoberi (1766- 
1834), 2^, 209, 235 

Malthusian theory of poi^lation, 
208, 285 

Man, 17-9, 172, 187, 208, 212, 
279 ff„ See also Nature; 

Materialisnj, 2, 7-8, 152, 176-7, 
189, 25^, 244-6, 281, 313, 321-3, 
mi, 383, 855-0 

Mathematics, 5. 113, 15(V5, 161- 
162, 198-201, 243-51, 255, 

jBOO, 313 ff., 318, 881, 361 ^ 



XiNUJiiA. 


Matter, 22, 30-7, lUs.^lOS, 175, 
18»-01, 228, 237-8, 203, 31», 
322-J}, 328. •See also MaIIou 
M atter and produetion of mind, 
25, 187* 228 

^faxweUt James Clerk (1831 
1870), 73, 75, 78* 81, 00, 01. 
210, 215. 332, 354 
MayeVt Julius Uobert (1814-^1878), 
11, 47, 180, 238, 250 
Meat diet, 287 

Meehmdeal oon^^epiion of nature, 
100 if., 227 -8. 310, 330, 348-0, 
350 

Meehunieiil form of motion, 15, 
28, 34, 35 ff,. 173, 207, 310 20, 
323 

Mcchauies, 35, 55, 70. 135. 105, 
200 

mMendeleyexu Dimitri Ivnmwich 
(1834 1007), 33 
MesmeriKin, 208 it. 

MetaboHsm. 100-7 
Mctapluysical mode of thought of 
natural science, 30, 127, 153-4* 
183-4, 200, 234, 243~*t 
Metaphysics, 157, 182 -3, 313, 
322, 320, 330 
Meteorolqgv, 10, 241 
Meyer, Julius Lothar (1830-1805), 
150, 321 

Middle Ages. 210 -0 
Mind, 178, 203. See also Matter 
Molecules and Molecular motion, 
28 0, 80, 158, 174, 257, 202. 
315 ff.. 310 it., 323-4 
Momentum. 57, 58, 04 
Moucra, see Protista 
Motion, 11. 21. 35 ff., 45, 50 it., 
OJM, 150, 105-0. 201-2. 200-2, 
343. See also Dialectics, Life, 
Mai ter, Mechanical forms of 
irudion, Molecules, etc. 

Motion, indestructibility of. 21, 
23* 30-7. 108, 174, 202*250 
Muscles, 100 
Mystieipm, 153, 154, 220 


NXonu, Kaui. Wu.m;at von 
(1817 -IHOl). 200, 324, 325, 326, 
327, 328 % 

Names, significance of, 225 # 

Natural #(deiicc and philosophy, 
7-8, 21, 82, 152 5, 177, 170. 
248. See also Metaphysicgl 


mode of thoug^it of iiattirai 
science ^ ^ 

Natural Science*, history of 
development of, 1-13, 35, 153-7, 
150, 175-0, 184-7, 214-0 
Natural Selection, 230 
Naturi\ Hegelian view of, 220 
Nature, investigation of, 1-7, 
12-;l. 184-7. See also Dia- 
lectics, Laws of nature and 
Natural Science, etc. 

Nature, mastery of by main, 
17-0, 172, 282, 201-3 
A’attmmm, Alexander (1837-1922), 
74, 00, 835 

Nebula;, 14, 158 n.. 105, 221-3, 
241-2, 353 

Nebular hypothesis, 0, 14 -5, 40, 
155, 180 

Necessity, see Chance 
Negation of the negation, 20, 218 
Negative and positive, 47, 103, 
207, 224. 250 It. 

Nervous system, 201 
Nejeton, Sir Isaac (1042-1727), 
4, 5, 7, 8, 155, 173, 177, 179, 
185, 100, 202, 258, 260; 263, 
207, 342 

iSHcholsoii, Henry Alleyne (1844- 
1800), 178, 180, 181 
Nodal points, 203 
Number, 4, 108, 248-55, 314 ff. 

% 


OiiGANlc Nature, 10-3, KP'T, 
101-2, 167-8, 185-0, 187-03 
Organics, 167, 267 
Organisms, artiftcial production 
of, 187-8, 104, 100,^24 
Orgatiisms, chemistry of,';;Jl-2, 
157, 267, 324 

Owmit Sit^Hidmd (1804-180^), 220 
Oxygciy 83, 327 


PALAfiONTOI.OOY, 5, 12, 155, 185, 
180, 103, 215 

Papin, Denis (1047-1714), 80, 81 
Parallelogram of forces, 172-3, 
202 3 

Pasteur, IaxHs (1822-1895), 180 
Philosophy, 37, 38. 152-4, 108, 
172. 183 4, 243, 313, 321, 383, 
* 337, ' See also Natuml Scflsntt, 
I^etaphysics 



INDEX 


?82 [ 

Philosophy o^Vnci®"* Greece, 2, 
T,fl8, 244-7, 

Physics, 10-1^77, 16«, 106, T67,- 
214-5, 260-1, i»9 ff. AVf «feo* 
Molecule, etc. 

Physiography, 262 
Physiology, 12, 162, 164, 211-8, 
820 ^ 

Planned activity, 19, 290-1 
Plastidulc, 209 

Poggendorff, Johann ChriHiian 
(1796-1877), 12i5, 144 
Polarity, .88-9, 44, 15.8, 160, 207, 
226-7 

Political economy, 295 
Population, theories of, 208, 2*^.5 
Porosity, 165, 342 
Potential energy, 57, 68, 72-7 
Predatory economy of aninials, 
286 

PneatUy, Joseph (1783-1804), 827 
Production, 17-8, 209-10, 21 4 5, 
217, 293, 204-5 
Progress, 200, 286 
Proletariat, 1, 184, 294 
Pi^teiii, 16-7, 170-81, 389, 193-7, 
203, 239, 290, 324 
Protista, 13, 37, 179-81, 360. 
358-4 

Protoplasm, 290, 324 
Pythagofras (about 582 to 498 b.c.). 
245, 246, 247 

/ 

Qt^AN'TiTY, transfer nintion into 
-iriuality and vice versa, 20 ff., 
157, 224, 229, 148- 9, 321 


Raoult, Makik (1880- 

19|»), 89, 96, l.% • 

Reaction, 197 

Reciprocal action, 39 ff.r 148, 1.58, 
17.3, 183, 229, 321-2 
Reformation, 1,2, 185 ^ 

Refraction, 91 
Religion, 4, 70, 185, 280 
Renaissance, 1, 2, 185 
Resistance, overcoming of, 68, 
178 

Revolution in natural flcience, 
3-4, 184 

Rt/fer, Johann Wilhelm (1770- 
1810), 05, 866 

^imnctanz, Johann Karl Frieda 
r/cA (1805-1879), 240, 360 


Roase, Will^tm Parsons, Earl of 
(1800-?807), 221, 223 , 


Saint-Simon, Clauok Hknri, 
Comte- de (1760-3825), 79, 
262 260 

Scepticism, 11.3, 160-1, 171 
Schorlemmer, Karl (1H34-1B92), 
33, 154 

Secchi, Angelo (3818-1878), 14, 21 , 
J12, 357, 177, 210, 220, 222, 2&I 
Servetus, MfcAoeP (1511- 1.558), 3, 
184 

Socialism, 10-20, 153, 155, 208, 
210 

Society, human, 26, 208 10, 283, 
286 If. 

Solar System, 4, H, 1441, 52-3, 
160, 170, 177, 191, 202-3, 

210-23, 241, 271 ff. 

Space, 164, 160, 315. .127, 343 
Species, 6, 10, 12, 162, 183, 234-6, 
286 

Speech, origin of, 283 ff. 

Spencer, Herbert (1820-1003), m 
Spinoza, Baruch de (1682-1677), 
7, 152, 173, 178 
Spirit photographs, 301-3 
Spiritualism, 207 ff, • 
Spontaneous generation, see 
Organism 

Steam engine, 18, 80-81, 132, 213r 
204 

“ Struggle for Life 10, 208-10, 
235 

Sun, see Solar System 
Superstition, 80, 185, 207 
Suier, Heinrich (1848-1022), 58- 
60, 02, 63, 67, 71 


Tait, Petek Gutukik (1831- 
1901), (14,72.75,271,275 < 

Temperature, 253, 266 
Thales tahout 624-534 B.c.), 49, 
189, 244, 245, 246 
.Theology, 4, 7, 118-4, 18if 
Thermodynami<*s, 211-3, 216 
‘‘Thing in itself", 159-60, 
228, 339 

Thomsen, Hans Peter Jorgen JuRtia 
n826?1900). 105, 118, no, 126 
Tnomsm, Thomas (1773-1852), 
82, 84, 85, 86, 250,^65, 267, 
364-8 



INDEX 


8^8 


Thomxon, WilUani (ktorct Kelxdn) 
(lg2+-1007), 04, 75, laO, 1»0,25», 
201, 204, 20ii, 271, 285,j}15, 382 , 
Thought. 20 -7, 56, 1 18, 160-1, 172, 
175-0, 183, 100, 203, 224, 228, 
230, 242-3, 257, 207, 313-4. 
Nee aho Dialectics 
Tides, 180, 271 ff. 

Time, 104, 100, 327, 34J). See 
<ttim Inllnity 

Tools, 17, 18, 70. 178, 286 
Tradition, power of, 10, 113-4 
Trigononie.trv, *250-7 . 

Ti/ndall, John (1820-1803), 177,» 
178, 210, 340 


I’NlllSUHTANDINU, 203 / 

Universe, 23, 104. 108.202,322,353 

* VlSBTEBRATES, 201, 204 
I'frcAoii, Rudolf tmn (1821-1002), 
154, 270, 308 

“ Vis Viva”, ,57 n.. 58 n., 50-01, 
^0.3-7, 74-5, 77, 08, 108, 111-2, 
•i:W. 271 IT., 332 
“ Vital force ”, 108, 191, 330 
rofta, .■lllemndro, Graf (1745- 
1827), 05, 96, 142 
Voltaic Series of metals, 01 -100, 
110, 142. 145, 147 
Vortex motion, 00 


Wacnkr, Mosiz (1813-1887), 190, 
101 # 

, Wfdlace, Alfred TKueeell fl823- 
1913), 208, liPO, 800, 301, 802, 
303, 805, 307, 308, 810, 308, 
369 

fVeber, Wilhelm Eduard (1804- 
1801), 87, 88, 302 

Whole and part, 101, 340, 

341 

Wiedmann, Gustav (1820-1899), 
83, 87. 03, 95, 07, 98, 00, 
100-2, 104-6, 108, 110, 111-0, 
121-5, 120, 132-0, 188, 140, 
142, 144, 148, 140, ISO, 250, 
207, 302, 368 

Wolf; Rudolf (1810-1803), 258, 
250, 363 

wdlff, Caspar medrieh (1738- 
1764), 13 

Wolff, Christian Erriherr von 
(1070-1754), 7, 2.34 

\^^>rl6, 71-5, 100, 211-3, 381 

World, outlook on the, 6-8, ■ 
180,' 227-8, 289 


Zmto powers, 199-200, 251-3 f 
'/tdllncr, Johann Karl Friedrich 
(1834-1882), 300, 307 
Zoology, .5-13, 214, 284 



